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cells may be provided directly to a pati^t 
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Cell line producing analgesic compounds for treating pain 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly/ 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines. 

10 Background of the Invention 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) • 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly, intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia. 

10 See, e.g., Sagen et al., Proc. Natl, Acad, Sci. USA, 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates/ such as enkephalins, and catecholamines, such 
as norepinephrine/ may synergize to produce analgesia. 

15 Ibid, Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 

20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al./ PrQc. Natl , Acad. Sci. USA. 83, pp. 7522-26 
(1986); Sagen et al./ Jnnr. Neurochem.. 56, pp. 623-27 
(1991) . 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, directly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al.. Brain 
Research . 384, pp. 189-94 (1986); Vaguero et al., 
Neuroreport , 2, pp. 149-51 (1991); Ginzberg and 
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Seltzer, Brain' Ri^^^arch , 523, pp. 147-50 (1990); Sagen 
et al., Pain . 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply, and is not readily available, particularly for 
in hioman pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, Brain 

10 Research. 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used: 
See, e.g., Hama and Sagen, Brain Research. 651, 

15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 

20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 

25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A. 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 

30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 

However, there have been some reports that analgesia 

has been observed in a rat chronic pain model from 

basal level activity of chromaffin tissue allografts. 
5 See, e.g., Vaquero et al., NeuroReport. 2, pp. 149-51 

(1991) and Hama and Sagen, Brain Research. 651, pp. 

183-93 (1994). 

Bovine adrenal chromaffin cells have been 

encapsulated to form a bioartif icial organ ("BAO") for 
10 implantation into rats for the- treatment of acute and 

chronic pain. See, e.g., Sagen et al., J. Nf?urQSCii/ . 

13, pp. 2415-23 (1993) and Hama et al., 7l-h World 

Congress Pain . Abstract 982, Paris France (1993) . 

Initial trials in hxunan subject have been conducted 
15 using encapsulated bovine chromaffin cells. See, 

Aebischer et al., Transnl antation. 58, pp. 1275-77 

(1994) . 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete fi-endorphin. See, e.g., Wu et al., iTi Neural 
Transpl. & Plasticity. 5, pp. 15-26 (1993). 
AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enlcephalin A gene (i.e. containing 6 met-enlcephalin 
sequences and one leu-enlcephalin sequence) with 200 
bases of 5'-flan)cing sequence and 2.66 kilobases of 3' 
flanking sequence. See Wu et al., SJflEia/ Comb et al., 

30 EMBO .T. . 4, pp. 3115-22 (1985). 

Wu et al., .T. Nmira] Transpl . & PlasticitV, 
5, pp. 15-26 (1993) refers to rat hosts transplanted 
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants. In contrast/ 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells. Ibid. 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to J5-endorphin and a u-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 5-opioid agonist (DPDPE) . In tesponse 
to repeated doses of an \i opiate agonist/ mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., jL. 
Npnrosrrience . 14, pp. 4806-14 (1994). Wu et al . 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 
enlcephalin producing AtT-20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin' s known 
antagonist effect on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin/ particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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.qiintmarY of the Invention 

The present invention provides a cell line 
that has been genetically engineered to produce at 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines. The cell line may be used in the 
treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 

10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 
isolations of primary cells. Less testing is required . 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be moire 

15 stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one of more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 



JiMMv mm m am 



wo 96/40959 



PCT/US9</09629 



BriPf DPsrrintion nf thfi Drawing 

Figure 1 is a plasmid map of vector pBS- 
hPOMC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-AACTH- 
029. 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOMC-031/ pcDNA3-hPOMC-034 and 
pcDNA3-hP0MC- 035. 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH-033, pcDNA3-hP0MC- 
10 ^CTH-36 and pcDNA3-hPOMC-Z^CTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076. 

Figure 6 is a plasmid map of vector pZeo- 
Pcmv- r THAKS - IRES -bDBH- 088. 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067 . 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMC-AACTH-IRES-rTHZiIRES-bDBH-068. 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-069. 

Figure 10 is a plasmid map of vector pcDNA3- 
25 IRES-Zeocin-072. 

Figure 11 is a plasmid map of vector pcDNA3- 
hPOMC- AACTH- IRES- rTHZi- IRES -bDBH- IRES- Zeocin- 07 3 . 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 
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Pfitfiilfd Ppffnriptinn of the Invent i on 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth. 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells, including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases • 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

15 enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J. Biol. Chem.^ 
265, pp. 18087-090 (1990). The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mnl . Brain Res.. 3, pp. 147-54 

20 (1988). We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
J. Phvsiol, . 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenous ly produce GABA and B-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 
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Table 1 

Ceils Analgesic Substances Qthgr ggmPPOgnt? 

Chromaffin NE, met-enkephalin TH, DDC. DpH, PC 

PC12. PC12a low NE & met-enkephalin DDC, DPH, PC 

5 AtT-20 p-endorphin DDC. PC 

RINa p-endorphin, GABA DDC, PC 

RINb p-endorphin DDC, PC 

Neuro2A DDC, DpH. PC 

TH = Tyrosine hydroxylase converts tyrosine - l-dopa 

1 0 DDC s Dopamine decarboxylase converts l-dopa - dopamine (DA) 

DPH s Dopamine p-Hydroxylase converts DA - norepinephrine (NE) 

PC « Prohormone Convertases process POMC to P-endorphin and Pro- 
enkephaiin A (ProA) to met-enkephalin. 

AtT20 = Mouse pituitary corticotroph cell line that endogenously secretes P-endorphbi 

15 via expression of Pro-opiomelanocortin (POMC). 

RIN 8 Rat insulinoma 

Neuro 2A » Mouse neuroblastoma 

The primary delivery products include at 



least one each of an endorphin, an enkephalin and a 

20 catecholamine. 

Enkephalins and endorphins are endogenous 
opioid peptides in humans. These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 

25 least in part via the same ]x opioid receptor as 

morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, Textbook of Pain. 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 

30 Pharmacology of Nociceptive Transmission," pp. 165-200, 
1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 
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B-endorphin, the most abundant endorphin/ is 
synthesized as part of a larger precursor molecule/ 
pro-opiomelanocortin ("POMC") . The POMC molecule 
contains the full sequence of adrenocorticotrophic 
5 hormone ("ACTH")/ a-melanocyte-stimulating hormone 

("a-MSH**)/ B-MSH/ and B-lipotropin. The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma- endorphin. 
Processing of the POMC precursor occurs differently 

10 within various tissues according to the localization of 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and fi-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus/ ACTH is 
converted to B-MSH. While different cell types may 
synthesize the same primary gene product/ the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity. In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in Ai-ias of Proi^ein Secnience and Structure. 5, 
(1978) and hy Araos. Embo 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example / codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenesis. 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
10 This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e./ Prohormone convertase 2) to • 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al . , MaJliil^. 297, pp. 335-9 
(1982); Takahashi et al./ Nucl, Acids Res,. 11, 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
B-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al., 
Brain Res,. 502, pp. 1-10 (1989). 
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Other enkephalins, i.e./ dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone- type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions, substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

15 Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. FnlkPsson . supra > This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin. 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE")/ 

epinephrine ("E")/ and dopamine, NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the* amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) , decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine beta hydroxylase 
15 to form NE. Harrison' S; * SiHina/ pp. 380. NE is 

N-methylated to E by phenylethanolamine-N 

methyltransf erase ("PNMT") • 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransferase 

("PNMT"). PNMT is inducible by glucocorticoids from 

the adrenal cortex, ibid. 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E. Opioid peptides are also stored in the 

adrenal gland. 
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NE and E have similar affinities at 02 
receptors and therefore both potentially contribute to 
analgesia. Bylund, FASEB J. . 6, PP. 832-39 (1992). 
The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (5) opioid 
receptors. Reisine and Bell, Tr^nrts Neurosci.. 16, 
pp. 506-10 (1993) . Activation of 02 adrenergic and 6 
opioid receptors in the spinal cord each result in 
antinociception. and are potentially synergistic. Yaksh 

10 and Malmberg, Progress in Pain Research and Management, 
Vol. 1, Ed. Fields and Lisbeskind, lASP Press, Seattle, 
pp. 141-71 (1994). Activation of 5 versus (p) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 

15 addiction liability (Lee et al., s7. PhannflCQl. E?tP. 
Ther. . 267, pp. 883-87 (1993) . The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 

20 and Reddy, An^si-hesiol . . 54, pp. 451-67 (1981). 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 

25 catecholamines in this invention are NE and E. 

In one embodiment, the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 

30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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("TH") and dopamine beta hydroxylase ("DBH"). However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase (•*DDC*') . If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al., Proc, 
Mat!'! An^ri. Sci , . 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g.. 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary C-terminal 
catalytic domains are also known. See, e.g., Daubner 
et al., PrntPin Science, 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

15 type TH, as well as various TH muteins. See, e.g., Wu 
et al., J. Pinl. Chem,. 267, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMBQ J»/ 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques . 



wo 96/40959 



PCTAJS96/09629 



Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 

5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 

10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5' or 3' overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 

15 sequences that encode a signal sequence. Such signal 
sequence, if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 

20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 

25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 

30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host, the gene must be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell. 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts, include, for example , vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 
San Diego) and pNUT. 

Any of a wide variety of expression control 

15 sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors* Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 



wo 96/40959 



PCT/US96/09629 



- 18 - 

these vectors, expression control sequences and cells 
without undue experimentation. For example, in 
selecting a vector, the host cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 

10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 

15 secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/expression control 

25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 

30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably, a single expression vector, containing all 
4 heterologous genes, is used. 

In a particular embodiment RIN cells are 

5 sequentially transformed with 3 expression vectors. 
The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro- enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
■ the proA construct contains the Kozak sequence ' 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the PCMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
("IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

MacejaJc and Sarnow reported that the 5' 
untranslated sequence of the immunoglobulin heavy chain 

5 binding protein (BiP, also knovm as CRP 78, the 

glucose-regulated protein of molecular weight 78,000) 
mBNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5 '-cap independent 
manner, indicating that translation initiation by an 

10 internal ribosome binding mechanism is used by this 
cellular mRNA. Nature 353, pp. 90-94 (1991) . 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 

15 same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine )cinase) 
gene as a safety measure, permitting the host cell to 

20 be killed in vivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., Anderson, published PCT application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 

25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory. The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 

30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 
amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification (see, e.g., Kaufman, United States 
5 Patent 4,470,461, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of 
Signals Utilized For Efficient Expression", Mnl . Cellt 
Biol . . 2, pp. 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g.. United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

15 example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) . Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hyHrnvylas^" Pro1-f>in Science. 2, pp. 1452-60 (1993). 

In addition, use of tyrosine- free media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", Prnr. Nat] . Arad. Sci. USA/ 
86, pp. 7233-37 (1989) . 
5 Preferably, the output of 6-endorphin ranges 

between 1 and 10,000 pg/10* cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10« cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10* 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al.. United States patent 
4,753,635, incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ("BAO") . BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeally. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAO is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 
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individual without the use of immunosuppression. If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the .. 
membranes used in BAOs are either microporous ofc 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyurethanes, polysufones, 

15 polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into "sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,106,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 
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93/03901, and WO 91/00119, all of which are 
incorporated herein by reference - 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 

10 core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 

15 core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyurethanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulf ones, 
polyphosphazenes, polyacrylonitriles, 
poly (acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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can include biological tissue fragments/ organelles/ or 
suspensions of cells and/or other therapeutic agents / 
as described in Dionne, WO .92/19195 and United States 
Patents 5/158/881/ 5/283/187 and 5/284/761/ 
5 incorporated herein by reference. 

The jacket may have a single skin or a double 
skin. A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded. A double-skinned hollow 

10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical/ disk-shaped or spherical are possible. ^ 
The jacket of the BAO will have a pore size 

15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 

20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle/ but to 
exclude the entry of host immune response factors into 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD/ preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 the BAG'S outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
mediiam sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate, "Vitrogen^", etc.) 
or extracellular matrix components. See, e.g./ Dionne 
WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g./ collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel™ and 

15 Vitrogen™. The third class is net neutral in charge 
(e.g./ highly crosslinked polyethylene oxide/ or 
polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 
used/ including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art. In addition/ 
any suitable "dry" sealing method can also be used. In 
such methods/ a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed. 
Such a .method is described in copending United States 
application Serial No. 08/082/407, herein incorporated 
by reference. 

One or more in vitro assays are preferably 

30 used to establish functionality of the BAO prior to 
implantation in vivo . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., Methods In Enzvmoloav. Abelson tEd] , Academic 
Press, 1993. For example/ an ELISA (enzyme-linked 
immunosorbent assay) / chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon- 
implantation is determined by the amount of biological 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 substances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195 • 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a human. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid, most preferably the subarachnoid 
space and the lateral ventricles. This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site. 

In order that this invention may be better 
understood, the following examples are set forth • 
These examples are for purposes of illustration only, 
10 and are not to be construed as limiting the scope of ' 
this invention in any manner. 

Examples 

Consliiniel^iQn o f PolYGistronic Expression Vectors 
Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi. sUPra; COChet/ SUPra> 
The resulting plasmid was named as pBS-hPOMC-027 . See 
Fig. 1. 

20 A PGR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 
et al., Prnr. Natl - Arad. .Sri, USA, 83, pp. 5454-58 

25 (1986) . Both primers oCNTF-003 and oIgSP-018, contain 
synthetic BamHI and Smal restriction sites, 
respectively, at the 5' ends. 

The 196 base pair (bp) PGR fragment was 
digested with restriction endonucleases BamHI and the 

30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the FMC 
SpinBind DNA purification kit (EMC BioProducts, 
Rockland, ME) . 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the EMC SpinBind DNA purification kit (EMC BioProducts, 
Rockland/ ME) . The ligation mixture was transformed 
into E. coli DH5a (Gibco BRL, Gaithersburg, MD) . 

10 Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the EMC SpinBind DNA purification kit 
(EMC BioProducts, Rockland, ME) and subject to BamHI 

15 and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPOMC-028. See Fig. 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

Construction of IgSP-POMC Expression Vectors ^' 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was siibcloned into pcDNA3 (Invitrogen Corp./ 
25 San DiegO/ CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The Notl-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig. 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BamHI, NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
. as pcDNA3-hPOMC-034. Fig. 2. The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035. 

15 Fig. 2. Restriction digestion using Smal, BamHI, 

EcoRI, and BamHI /EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindlll, NotI 
and Sail were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-P(»IC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmal restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the EMC SpinBind DNA 
purification kit (EMC BioProducts, Rockland, ME) . The 
self-ligation mixture was transformed into E. coli DH5a 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 

30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029. See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-AACTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPC»lC-AACTH fusion is shown in SEQ ID 
5 NO: 4. 

Construction of ACTH Deleted IgSP-PC»lC 
Ea^ression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-ZiACTH-029 was subcloned into pdDNA3 

10 {Invitrogen Corp., San DiegO/ CA) and pCEP4 (Invitrogen 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPCMC-AACTH fragment 
from pBS-IgSP-hPOMC-^CTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-AACTH-032 
(Fig. 3) . The BamHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-/:ACTH-029 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3) . The insert orientation in pCEP4-hP0MC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3) . The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-AACTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientation 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPC»lC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMC-AACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

10 (Molecular Research Center, Inc., Cincinnati, OH). 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42°C for 30 minutes in a 20ul reaction 
volume containing 10 roM Tris.HCl (pH 8.3), 50 mM KCl, 
4 mM of each dNTP, 5 mM MgCl2/ 1-25 pM oligo (dT) 15- 

15 mer, 1,25 pM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) • Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 ul PCR 

20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Thermus aquatiCUS 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) • 
To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 

30 information in Grima et al.. Nature/ 326, pp. 707-11 
(1987); US patent 5,300,436, and Daubner. silBIA^ 
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindlll restriction site, 
at the 5' end where orTH-053 has BamHI at the 5' end. 
The PCR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94''C 
30 seconds (first cycle 2 minutes); annealing, SO'C 1 
minute; and extension, 72°C 3.5 minutes (last cycle 5 
minutes). The 1537 bp full. length and 1087 bp 
truncated rat TH PCR fragments were digested with 

10 restriction endonucleases BamHI and Hindlll and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the EMC SpinBind DNA purification 
kit (FMC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the FMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DH5a (Gibco BRL, 

20 Gaithersburg, MD) . 

Cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sxib-clones. The identity of the correct 
clones was further verified by BamHI /Hindi 1 1 doxible 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PCR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Sequenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16. 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 pi PCR 
reaction mixture with reagent composition identical to 
the one described above with the exception that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6). The 1097 
bp PCR product was cloned into pcDNA3 in the same 
manner as described above. The resulting sub-clone was 
named pcDNA3-rTHAKS-75 (Fig 4) . The sequence of the 

15 rlHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bOBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 
Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 

20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sequences/ respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5' end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5' 16 nucleotides 
identical to the IRES sequence and its 3' 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12) . 

30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 
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and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells^ 
5 Lamoroux et al., EMBO J. , 6, pp. 3931-37 (1987)) 

plasmidsr respectively. One hundred ng of template DNA 
was added to a 50 ul PGR reaction mixture containing 
10 mM Tris.HCl (pH 8.3), 50 mM KCl, 800 of each nM 
dNTP, 2 mM MgCl2, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aquaticUS (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PGR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 **C 
for 30 seconds (first cycle 2 minutes); annealing, 

15 50 ""C 1 minute; and extension, 72 "G 30 seconds (last 
cycle 5 minutes) . The PGR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PGR products were 
transfer to a tube containing 50 ul of PGR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 **G 

25 for 30 seconds (first cycle 2 minutes); annealing, 
60 'G 30 seconds (second to fourth cycles 37 ^G 2 
minutes); and extension, 72 ^G 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PGR product and 
the cloning vector pcDNA3-rTH2^-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the FUC 
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SpinBind DNA purification kit {mc BioProducts, 
Rockland/ ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BainHI/NotI would generate a rTHA-IRES- 
5 bDBH expression vector named as pcDNA3-rTHA-IRES-bDBH- 
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/Notl and 
pcDNA.3-rTHAKS-075/BamHI/NotI would generate a rTH/^KS- 
IRES-bDBH expression vector, named as pcDNA3-rTHZiKS- 
IRES-bDBH-076 (Fig. 5), where the start codon ATG in 

10 rTHA is preceded with a consensus Kozak sequence. The 
sequence of the rTHA- IRES -bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS-IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

15 Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindlll, BamHI, 
Hindlll/BamHI, Smal and Notl. 

The 4114 bp Nrul-Xhol fragment containing the 

20 CMV promoter-rTHAKS-IRES-bDBH was excised out of 

pcDNA3-rTHAKS-IRES-bDBH-076 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp., San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6). 

Construction of IgSP-hPOMC ACTH- 
rTHD-IBES-bOBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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rTHA-IRES-bDBH-066 and subcloned into the pBS 

(Stratagene, La Jolla^ CA) cloning vector. 

The resulting plasmid pBS-Pcmv-rTHA-IRES- 

bDBH-067 (Fig. 7) was used as the intermediary 
5 construct to which the recombinant PCR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 (SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEO 

ID NO: 15) and ohPOMC- IRES- 070 (SEQ ID NO: 20) are 
15 complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3' 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMC- IRES- 070. 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5' 15 

nucleotides identical to the rTHA sequence and its 3* 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PCR reactions were 

carried out. 

PCR reaction A: template pBS-IgSP-hPOMCDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC-IRES-069; 
PCR reaction B: template pCTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES-rTHA-071; and 
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PGR reaction C: template pcDNA3-rTHZi-045/ 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PGR reactions were 
carried in 50 ]xl PGR reaction mixture containing 100 ng 
5 of template DNA, 10 mM Tris. HGl (pH 8.3), 50 mM KCl, 
800 of each nM dNTP, 2 mM MgG123, 400nM of primers #1 
and #2, and 2.5 units of Thermus acniat-ieus (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PGR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 "G 
for 30 seconds (first cycle 2 minutes); annealing, 
50 **C 1 minute; and extension, 72 °C 30 seconds (.ikst 
cycle 5 minutes) . 

The PGR products were resolveid on 1% 
15 TrivieGel 500 (TrivieGen) . Two agarose plugs 

containing each one of the PGR products from PGR 
reactions B and G were transferred to a tube containing 
50 ul of PGR reaction mixtures identical to the one 
described above with the exception that the 
20 oligonucleotides ohPOMG- IRES- 070 and orTHZi-073 were 
used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 "C 
for 30 seconds (first cycle 2 minutes); annealing, 
25 60 °C 30 seconds (second to fourth cycles 37 "C 2 

minutes) ; and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The PGR products were treated as described 
above. Agarose plugs containing the PGR products from 
30 the second PGR reaction and the PGR reaction A were 
combined and subjected to a third PGR amplification 
using oIgSP-068/rTH/i-073 . The 1203 bp IgSP-hPOMG-IRES- 
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rTHA fusion PGR product and the cloning vector pBS- 
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the EMC SpinBind DNA 
5 purification kit (BMC BioProducts, Rockland, ME) • The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg, MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
10 restriction digestions using EcoRI, Kpnl and Notl. The 
resulting clone was named as pBS-IgSP-hPOMCAACTH-.IRES- . 
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH- TRES- 
IS rTHA-IRES-bDBH Expression Vectors 

The 4491 bp Notl fragment containing the 
IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH gene was excised 
out of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 

20 Diego, CA) at the Notl site in the multiple cloning 
site. Restriction digestion using Notl and Smal 
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCZiACTH-IRES-rTHA-IRES~bDBH-069. See 

25 Fig. 9. 

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PCR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5* end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other. Furthermore/ 
oligonucleotide oIRES-Zeocin-075 has its 5 '15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES'Zeocin-076, 

Two first PGR reactions were carried out 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego/ CA) plasmids, 

15 respectively. 

One hundred ng of template DNA was added to a 
50 ul PGR reaction mixture containing lOmM Tris.HGl (pH 
8.3), 50 roM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 
nM of primers #1 and #2, and .2.5 units of Thgrmus 

20 aquaticus (Taq) DNA polymerase (Boehringer Mannheim, 
Germany) • 

The PGR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturatioh, 94 **G 
for 30 seconds (first cycle 2 minutes) ; annealing, 

23 50 "^G 1 minute; and extension, 72 ""C 30 seconds (last 
cycle 5 minutes) . 

The PGR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PGR products were 

30 transfer to a tube containing 50 pi of PGR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 ''C 
5 for 30 seconds (first cycle 2 minutes); annealing, 
50 "C 30 seconds (second to fourth cycles 37 2 
minutes); and extension, 72 *C 30 seconds (last cycle 2 
minutes) . 

The 974 bp IRES-Zeocin fusion PCR product and 

10 the cloning vector pcDNA3 were digested with NotI and' 
Xhol restriction enzymes and subsequently purified, from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
purification kit (EUC BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 

15 pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 . Fig. 10, 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 

20 and Notl/Xhol* 

To generate the final IgSP-hPOMCDACTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES- 
rTHA-IRES-bDBH gene was excised out of the pBS-IgSP- 

25 hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig* 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hP0MCAACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin- 
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073. The sequence of this construct is shown in SEQ ID 
NO: 28, Fig, 11. 

Construction of ProA+KS Fusion 

A construct containing the coding region of 
5 the hxaman pro-enkephalin A gene with the consensus 

Kozak sequence imaediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 

10 The Hindlll/BamHI fragment containing the 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS*091 . 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J. and Lindberg, I., FP<l0f;r j-nQ^ogV/ 
131, pp. 2287-96 (1992) . 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows. 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungizone (Gibco) base media. The cells were 
plated out in PlOO petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, OA) . A 10 pg amount of 
the plasmid vector DNA was diluted in 450 pi of 
deionized sterile water. Then, 50 pi of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 ul 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently. This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 ml solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium. 
Then, the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 ug/ml 
genet icin (Gibco) or 400 ug/ml hygromycin (BoehringBr 
Mannheim) or 500 pg/ml Zeocin (In Vitrogen, San* Diego, 
CA) . Cells were sequentially transf ected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hPOMC-030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally, the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088 . 

We have tested a number of media for cell 
growth. Surprisingly we have found that in certain 
serum-free medias, the above cell lines have enhanced 

30 neurotransmitter output, compared to serum-containing 
media. We prefer CHO^-Ultra (Biowhi taker) for the 
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growth of AtT-20 cells, and Ultra-Culture (Biowhitaker) 
for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line {RINa/ProA/P030/P088) is 
5 shown in Table 2. All values represent unstimulated 
cells. Output of B-endorphin and met-enkephalin is in 
pg/10^ cells/hr. B-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater, Minnesota) • Catecholamine output is in 

10 pmoles/10^ cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18* 
hours with 100 pM tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", Cell 
transplantation. 2, pp. 163-73 (1993) . GABA output 
from these RINa cells was 28 ng/10^ cells/hrs. 

Table 2 

20 £slLLtafi Endogenous P-9fW<9rPhin MgiiSOlS E 

RINa/ProA/ D-endorphin 22 17 3 0 

POMC/ GABA (6) (2) 

25 TH-IRES-DPH 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule. These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 ]xg/ml trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed, then incubated 
for 20 minutes in a 37 "C waterbath. After the 20 
minute digest, samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #C-7011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37'C waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin ot immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from' the longer encrypted fragments*. A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12. 5-13 • 5% 
poly (acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes, 
vol. 12, Kirk-Qthmer Encyclopedia of Chemical 
Technology. Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

25 The resulting membrane fibers may either be 

double skinned or single skinned PAN/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 
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end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICI) , curing the 
glue with blue light, and repeating the step with a 
second drop. The opposite end is previously attached 
5 to a frangible necked hub assembly, having a silicone 
septum through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly, pulling the fiber up over it, and curing with 

10 blue light. The hub/ fiber assemblies are placed in* 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuiim. 

Preparation and Encapsulatio n of Transformed Cells 

The transformed cells are prepared and 
encapsulated as follows: 

A matrix solution is prepared using a 
commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 
described above. We prefer Vitrogen {Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 
The cells are grown in base media of DMEM +10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcium and magnesium. Then the cells are incubated in 
0.25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 

10 media (Ultra culture, Biowhitaker/ Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic . 
substances when cultuted in this serum free media • 
relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 

15 the preferred serum free media before the cells are 
concentrated 1:1 with the preferred Organogen matrix. 
Organogen is a 1% bovine tendon collagen obtained as a 
sterile solution. 8 parts of this solution are mixed 
with 1 part lOX DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 
250 Ills) . 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 - 
50,000 cells/ul. The cells are counted in a standard 

25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 

30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/fiber assembly into the Ixomen of a modacrylic 
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hollow fiber membrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
5 sub-hub/ exposing a fresh surface, unwet by cell 

solution. A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and' 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1.5 ml PC-1 
medium, and stored at 37°C, in a 5% CO^ incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

Smrglcal Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 
sodixim, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-1 to L-1, and 
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allowing for intraoperative imaging of the lumbar spine 
with C-arm fluoroscopy. Local infiltration with 1.0% 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteum and other deep connective 
5 tissue structures down to and including the ligamentum 
flavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the lumbodorsal 

10 fascia using electrocautery for hemostasis. Using, 
traditional bony landmarks including the iliac crests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than BO- 
SS*" with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub), and the guide wire is 
passed down the Iximen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) . Care is taken during passage of the 

wire that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms, either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
cord injury. 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
only very slight resistance due to the rough surface of 

15 the wire running through the dense and fibrous 
ligamentum flavum. 

The 7 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligamentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentum 

25 flavxim. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
subarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 
The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 
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the cannula is positioned 7 cm within the space. As 
with the 7 French dilator, the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator. Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

10 When appropriate positioning of the cannula' 

is assured, the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

15 point should be noticeable and may be very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF. 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed the capsule to be maintained in transport 
medium while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip^ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 



Mm 
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diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula, the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
subarachnoid space while the cannula is completely 

15 withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the Cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the subarachnoid space before the tether exits 
through the dura and ligamentum flaviam. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device. 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 
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string suture. The free end of the tether is then 
anchored with non-absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest, recumbent, for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 

10 Sequences 

The following is a summary of the sequences 



15 



25 



set 


forth in 


tl 


SEQ 


ID 


NO: 1 - 




SEQ 


ID 


NO: 2 - 




SEQ 


ID 


NO: 3 - 




SEQ 


ID 


NO: 4 - 




SEQ 


ID 


NO: 5 - 




SEQ 


ID 


NO: 6 - 




SEQ 


ID 


NO: 7 - 




SEQ 


ID 


NO: 8 - 




SEQ 


ID 


NO: 9 - 




SEQ 


ID 


NO: 10 




SEQ 


ID 


NO: 11 




SEQ 


ID 


NO: 12 




SEQ 


ID 


NO: 13 




SEQ 


ID 


NO: 14 




SEQ 


ID 


NO: 15 




SEQ 


ID 


NO: 16 




SEQ 


ID 


NO: 17 




SEQ 


ID 


NO: 18 




SEQ 


ID 


NO: Id 
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5 



SEQ 


ID 


NO:20 


<w mm 


DNA sequence of oligo ohPOMC- IRES -070 


SEQ 


ID 


NO: 21 




DNA sequence of oligo oIRES-rTHA-071 


SEQ 

W w V 


ID 


NO: 22 




DNA sequence of oligo orIRES-rTHZ!i-072 


SEO 


ID 


NO: 23 




DNA sequence of IgSP-hPOMCAACTH-IRES- 
rTHA-IRES-bDBH-068 fusion 


SEO 


ID 


NO: 24 




DNA sequence oIRES-074 


SEQ 


ID 


NO: 25 




DNA sequence of oligo oZeocin-077 




ID 


NO: 26 




DNA sequence of oligo oIRES-Zeocin-075 


SEQ 


ID 


NO: 27 




DNA sequence of oligo oIRES-Zeocin-076 


SEQ 


ID 


NO: 28 




DNA sequence IgSP-hPOMCAACTH-IRES-rTHA 
-IRES-bDBH-IRES-Zeocin-073 


SEQ 


ID 


NO: 29 




DNA sequence of proA+KS 


SEQ 


ID 


NO: 30 




DNA sequence of IRES fragment 



Dapeaitfl 

15 RiNa/ProA/POMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine, an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2), named RINa/ProA/P030/P088, have been 
deposited. The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
Culture Collection, Rockville, Maryland, U.S.A. on June 
7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only. This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto. 
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(1) QElfEPPL 'HJECRKTLCN: 

(i) t^LLGNT: C^bcXIherspeutlcS/ Inc. (Ebr purposes of all 

designated states exoEpt IE) 
Shou Vtsog (Ebr purposes of US cxily) 

Jbel Sayjoff (Ebr purposes of IE cnly) 

(ii) TmE OF IN\®inCN: EMN CELL LINE 

(iii) NUCER CF SEOBCES: 30 

15 (iv) aJfPESEOmn: NIFESS: 

(A) NEBESSEE: Janes F. Haley, Jr./Iwr R. Elrifi 

FESH & ^EAVE 

(B) SIPEET: 1251 Ave. of the Aiericas 

(C) CHY: New York 
20 (D) SD^: Na^ York 

(E) OGCNIFY: lEA 
(Fl ZIP: 10020-1104 

(v) OMEUIER FEaUBLE KTM: 
25 (A) MEDIIM TOE: FLcppy disk 

(B) CCMEUIER: IH4 PC ccnpatible 

(C) CEERRTDC SYSIEM: EC-DCB/MS-DOB 

(D) SCFDVS^: Fatentln Release #1.0, Versicn #1.30 

30 (vi) GURREOT APEUCKnCN EMA: 

(A) AEEUCZinCN NMER: 

(B) FHilNS IME: 

(C) OASsinaaicN: 

(vii) ERICR AEHIOOICIJ EMA: 
35 (A) AEELICATICN NtMffiR: IB 08/481,917 

(B) EELDC HOE: 07-J1E-1995 

(viii) JflTCFIEf/TGENr INECFMfllCN: 
(A) IWE: Elrifi, Ivor R 
40 (B) PSasnffiTICN NLMEER: 39,529 

(C) T^SEPENX/UXSET NLMBER: Cn-29 CEP ECT 

(ix) TEEBJMINiafllCN INKIMaiCN: 
(A) 1E[EEH3E: 212 596-9000 
45 (B) mEEPX: 212 596-9090 
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(2) mSCRKIICK KR SEQ ID ND:1: 

5 (i) SEXJINCE CEJffinaSOSriCS: 

(A) lElGIH: 33 base pairs 

(B) T5ffE: rarieic acdd 

(C) SERPNCHICSS: single 

(D) TOECT-Oar; linear 

10 

(ii) MTTFmrF. TSflEE: dm 
(iii) ffiKIIHE3IO\L; ND 
15 (iv) ^Wn-SEIBE: ND 



(vii) IMMEUDOE SOKE: 

(B) dOC: C3CNIF-003 

20 

(xi) SEgLBCE HSCRIPnCN: SE32 ID ^D:1: 
CC03GKKIB OSromET flGRdOfflX IGT 33 

25 

(2) INEOMOTCN KR SEQ ID ND:2: 

(i) SEQUENCE OMSOEKESTICS; 

(A) UNoIH: 23 base pairs 
30 (B) TOE: rarleic add 

(C) snWNHnESS: single 

(D) TOECLCGi: linear 

(11) MZEQULE T£^: cINV 

35 

(iil) IGIKJSEIICPL: ND 
(Iv) JNn-SENSE: M) 

40 

(vii) IMlEISDaE SOKE: 

(B) OQE: oIc(SP-018 



45 



(xL) SECGENCE EE3CRIETXCN: SEQ ID ID:2: 
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(2) 3NECR«nCN KR ID ND:3: 

(i) SBQCEKi: aCETCIIEISnCS: 
5 (A) IQGIH: 849 base pairs 

(B) TOE: nucleic add 

(C) SIBmniESS: single 

(D) TOdiDGSf: linear 

10 (ii) TOE: OA (gaxnic) 

(ill) meosEncN^: id 

{±ffi jPNEI-SEXCE: ND 

15 

(vii) MdEDEOE SOKE: 

(B) CI£NE: IgSP-WQC 

20 (ix) EET^IEE: 

(A) IWE/KEJf: S'lUR 

(B) nxmCN: 1..43 

(ix) EET^nEE: 
25 (A) N^^MEyKElf: exon 

(B) Ii3am:CN: 44. .89 

(ix) EET^IURE: 

(A) mc/KEY: intron 
30 (B) lOJOTCN: 90. .168 

(ix) EEAIURE: 

(A) IWE/KEY: 3'Um 

(B) HXZOICN: 807.. 849 



35 



40 



(ix) EEZOCFE: 

(A) NfWE/MX: inisc_feature 

(B) laJfflCN: 43. .186 

(D) CaHER INECRREKN: /ptodrt* "Icf^ regiai" 

(ix) EO^lHIFE: 

(7U NPMEVKEY: inisc_featuie 
(B) KXTffiCCN: 187.. 806 

(D) OIHER INECRMICN: /prodiict* "hPCM: regim" 



45 



(xi) SEQDENCE nSCKEPnCN: SEQ ID 10:3: 
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GG Mn n sr onixisigv GiusoiaCT gmsiciTr pcpnus^^^t cj::yQ:'iQ33r 60 

TMCTOTC ay^uiJ g tostpoOj TOmmc craBGDcm«OTCTG33 120 

5 

TOoaTftJO' cu s i n cpcr G33«ocr Troxmcr ticitocqg GisfflnoaG 180 

(' m ' m->->^ ivsmmsc smm^ic Tsns^ amn3«G isosmGS 240 

10 (jujo ' iuia csQBScnsa Tiujujuux GggogaG ctq3G033C Magaaos 300 

a>a333a^ ocax^asc Giaomas qcg«303 amLuaiG caomaas 360 

TO !rr?yyT' orTTTyrraT mrrrrmg: rTmnrrrrn csmogc a3:nazgo' . 420 

15 

oaiGsmv a ' iajLLn:jGi Q3a?m]33 Toaaa?^ GcnzGJT A GKa?n3iCT -480 

inEDsms anm33c odOJOT Amnox crnasGnc womsoc 540 

20 looasjA QaG?oDDQ3 omsooG Q3m?m3 GO^^ eoo 

a33D33m: osmosG cxjcxiqc ■lui'iuxaa: as^asfflSG ocsmax 660 

eaaaGSg Oaf^jjo'iu ajLiudmiv G [ jj.o:r.t : ? ^ GcgogGox mnnsiT 720 

25 

tckkkek: a3^3«3o: G mmuc TOsrsaEr Gna«fiMc aisacKicA 780 

Assmrm a«3«333c acrsmr pcpsmn: ccpoxtitc ccmn3c 840 

30 (SGSroSC 849 

(2) INEOMOICN ECR SED ID tD:4: 

(i) SEOJEICE OTRPCIERISnCS: 
35 (A) I£1GIH: 525 base pairs 

(B) TSE: nxdeic add 

(C) SIKMEQSSS: single 

(D) TCeaaSf: linear 

40 (ii) miaiE Timi im (genanlc) 
(iii) ffiPCnHBTICRL: ND 
(iv) iWn-SEIBE: ND 



45 



(vii) 'M^LSINE SOKE: 



mmtmtt 



Aiim* mm r 
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(B) aOEl IgSP-hEOIXfOH 

(ix) EEKIUC: 

(A) WtE/i<E£: S'UER 

(B) KXmCN: 1..43 

(ix) EETmJFE: 

(A) mc/KEY: excn 

(B) LOO^nCN: 44.. 89 

(ox) EETOU^: 

(A) IVME/E^: intxcn 

(B) liXT^riCN: 90. .168 

15 (ix) ^EKnJPE: 

(A) mE/¥E{: exaci 

(B) UXTmm: 169. .482 

(ix) EET^IUPE: 
20 (A) IFME/KEJf: 3'UIR 

(B) KX3miCN: 483.. 525 

(ix) EETHIFE: 

(A) NWC/KEiT: ndscjfeature 
25 (B) KXSnCN: 44.. 188 

(D) OfflER INECn«nCN: /pmriirt?= "IgSP regim" 

(ix) EEAIUBE: 

(A) Nn£/t<EY: ndscfeature 
30 (B) 1030101: 189.. 482 

(D) OIHER INECRMICN: /product* "hEQC regicn" 



35 



(xi) SFXJJFWS LUbXKIPIICM: SEIQ ID N0:4: 

G a a mH aT csmCTGv G KS cciGr gmaicLTr ■Bggagffi?^' aagjioasr eo 

laicncnc au m m:^ iQaTgooo iMmnnc cogoaiAAacriGm; 120 

40 TOOaJStfCr C TGIBOCr G33«K30' TIQXrncr TICIK3^Q33 GI®Kna3G 180 

( ll' l ' in n^^! g ' lUJUULHb SmOftKA OSSmSC lOIXSffm ClUGOOfflOS 240 

csomam: cismmT QXcsoGas a333mjr oom^ 300 

45 

< j r 'it f '|t' r, T 03333333^ MGKBCG AQ393XCIA CSGSOGGRG CSCriUOXT 360 
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rxrrrtfrrr QOCOmSC m333CJMJG gUimUCT CSmCOaG MCaOOaCA 420 

cm m rr?r qoogtic .aan^toixa TomsfflSA arciTOvc APoaaasCT 480 

5 rprrrrarTy^ rujj 1 1 rar; ffrrofmr crrraoaQS TOac 525 

(2) INECFlffaiCN ECR SQ ID ND:5: 

(i) SBQUENCE OSIISOEFISnCS: 
10 (A) IEMjIH: 30 base pales 

(B) TXEE: nucleic aad 

(C) SIBMHIESS: single 

(D) TCEOaaf: linear 

15 (ii) minJLE TXiE: dlA 

(ill) lUBanEno^: no 

(iv) ;>Nn-SEMS:: ND 



(vii) BWBDDOE SGUBCE: 

(B) CIQE: orro-052 



(xi) SBQGENCE lESCFIFIICN: SEQ ID ND:5: 

an^mrc crajffim: Jmn3m3 

30 (2) INECRAHCN RR ID ND:6: 

(i) SEOJEICE OSBTCOPISTICS: 
(70 LEIdH: 30 base pairs 
(B) THEE: nucleic aad 
35 (C) SISPNCHIESS: single 

(D) TXXaaSl: linear 

(ii) MamiLE TXEE: cIMV 

40 (iii) lUFOQErKSL: 

(iv) nmrSESiSE: MD 



45 (vii) TMMMSE SOKE: 

(B) CLCNE: ortH-OSS 



Minmnrrr euccT /Mil C 
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(xi) SEgPCE rrarPTPTTOJ! SBQ ID N3:6: 
(J±UM\XX ALUU^TmS CI2«ia33C 30 

5 

(2) INECTMRTICN F31 SED ID ND:7: 

(i) SBgPCE aWffiCIEKESnCS: 
(A) IBdH: 30 base pairs 
10 (B) THE: nucleic acdd 

(C) sroSNTFlTNRSS; single 

(D) TCECfXry; linear 



15 



20 



40 



(ii) MTFniTR TOE: dm 
(iii) HYPOnEIia^: N3 
(iv) ^Nn-SENBE: ND 



(vii) IMMEDIKEE SOKE: 

(B) OOE: QrTH-054 



25 (xi) SEQGEMCE lESCRIFnCN: SEQ ID IC:7: 

CUS^IITIA lUblUUXIG GTiUUCflKA 30 
(2) INECEMKnCN KRSEQ IDND:8: 

30 

(i) SBQUEHE CHJ^BOIKESriCS: 

(A) LEUjIH: 33 base pairs 

(B) TOE: roxieic acid 

(C) SIEPNCBIESS: single 
35 (D) . TCSOUXaJf: linoar 

(ii) MIEniE TOE: dm 

(iii) ffiPODEnCHL: ND 

(iv) JSNH^-SEIS:: 



(vii) 3M4EDI?aE SOKE: 
45 (B) GLOE: arlH-078 
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(3d) 5FCTEMCE IE5C3UITICN: SSQ ID N0:8: 

oxRarnc aijmaas luiLiuar ox 

5 (2) INECn«nCN ECR ID ND:9: 

(i) SEgLPCE CHQ90£PIsnCS: 

(A) I£N3IH: 30 base padxs 

(B) TOE: nLdeic acid 
10 (C) SIsnCEIMESS: single 

(D) TCEOflSf: linear 

(ii) mHJIE THE: dNl 
15 (iii) HXKJrHETICHL: ND 
(iv) JNTI-SaCE: ND 



20 (vii) IMCDIME SOURCE: 

(B) CmC: oIBES-057 



(xi) SEESJENCE EESCBIPnCN: SEQ ID ND:9: 

25 

azaaaams (jumiau x lUJjJXL i i r : 

(2) ItCai«nCNKRSEDIDtD:10: 

30 (i) SEQUEKE CHSBCIERISriCS: 

(A) LEIdH: 30 base pairs 

(B) TS^: nucleic acdd 

(C) snffltCETESS: single 

(D) TCEQLOraf: linear 

35 

(ii) MXEEULE TJ2EE: dm 
(iii) HSfPOIHEXiaa:!: 
40 (iv) ilNn-SEIEE: ND 



(vii) BMnMESOKE: 

(B) CLOE: rHTH-065 

45 

(xi) SEXJEIE EE3CEIPnCN: SEO ID tD:10: 
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maj jixxi am jJ L ' iu i aumim: 30 

(2) INEaMa!ECN KR SBQ IDN0:11: 

5 

(i) SEQUENX OCRRCnXUSnCS: 

(A) IQGIH: 30 base pEtirs 

(B) TYEE: nucleic acid 

(C) single 
10 (D) TOECUJSi linear 

(ii) HUEDIE the:: dm 

(iii) HYEOnEnCSL: ND 

(iv) MCTI-SUCE: ID 



15 



(vii) IMMMIE SOKE: 
20 (B) OQC: 0lI'ES-imH)64 



(xi) SBQUENX DESCPIFnCN: SEQ ID ND:11: 

25 crmsoA cnoGDOB cmnasiG 30 

(2) imRSmQJKRSEQTDlDiU: 

(i) SEQGENX aSRTOERISnCS: 
30 (A) IZNjIH: 30 base pairs 

(B) TYEE: nucleic add 

(C) snQimil^: single 

(D) TCEdOGY; linear 

35 (ii) MUrULE TXEE: dMV 

(iii) ffiKJDEnCJa*: ND 
(iv) »in-SEIGE: ND 



40 



45 



(Vii) IMdMIE SOKE: 

(B) OOC: oIFE543CBi-066 



(xi) SEOINX lESCFIPnai: SQ ID NO: 12: 
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03333S3J33 HOiMal'LU TCQSfflQZrr 
(2) TmRSmatKRSEQTDWtli: 

5 (i) ssjjEiu: as^ppcspisncs: 

(A) lEIGIH: X base pairs 

(B) TIJ^: nucleic add 

(C) SIRnmiGSS: single 

(D) VXCUXSf: linear 

10 

(11) mBJJE TOE: dM^ 
(ill) lUFOncrOL: ND 
15 (Iv) J>Nn-SEIBE: ND 



(vil) ]M£DD^ SOKE: 

(B) CUIE: oI^SP-068 

20 

(xi) SB3EJX HSCBIPrKN: SEQ ID NO: 13: 

mamisu^ ujnjjJ3i£ lujccnma 

25 

(2) 2MECR«^CN ICR SEQ ID 10:14: 

(i) SEQUENCE OTRfiCIEBISncS: 

(A) mOH: 25 base pairs 
30 (B) TOE: nucleic add 

(C) SIBPICEIMESS: single 

(D) TGECIOGy: linear 

(11) iOmiE TOE: dm 

35 

(ill) ffiFOIHETICKL: ND 
(iv) JMI-SEIEE: ND 

40 

(vil) IIMZXCOE SOKE: 

(B) OOE: orTHHyTS 



45 Od) SBSQCE IZSCPIPnCN: SEQ IDND:14: 

KIPCPCCE33 lOOO^ CXQ33 



Aimmrmm* mirrr /mil r 
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(2) INECR«nCN KR SBQ ID ND:15: 

(i) SBJIME OfflKCIEFISnCS: 
5 (A) ISIOH: 30basepadrs 

(B) 1YEE: nucleic add 

(C) single 
(X>) TCgarfry; linear 

10 (ii) KnniE nPB: dm 

(iii) ffitUUKllCTL: ND 

(iv) jmi-sige:: ND 



15 



(vii) IMCDIME SOKE: 

(B) aCNE: chEQC-lKS-OeS 



20 



(Xi) SEOjENX lESCBIPriCN: SEQ ID K):l5i 

{m - £x-P(n z ra mmx. oauniJXT 30 

25 (2) TmrnSSKN ICR SEa ID ^D:16: 

(i) SEOECE aKR?CIERISriCS: 

(A) I£IdH: 1030 base pairs 

(B) IVES: rudeic add 
30 (C) sngMITNESS: single 

(D) TCECUDQf: linear 

(ii) mJSaSE lYEE: im (gaxxtdc) 
35 (iii) HfPaHEncSL: ND 
(iv) »iri-SElCE: ID 



40 (vii) IltCDI?^ SOUBCE: 
(B) aa£: zlHD 

(ix) iE?mPE: 

(A) IWC/KEY: 5'UIR 

45 (B) lamm: i..6 

(ix) EEKHBB: 
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(A) m£/VE{'. excn 

(B) l£CmW: 7.. 1017 

(ix) EET^FE: 
5 (A) IWC/KEJf: 3'UIR 

(B) LX»n£N: 1018.. 1030 



(xL) EESCPIPnCN: SEQ ID N3:16: 

10 

j mji ' jmua ' iujLUUan ' arMasR^ GiGKaaRT iGSogGiG leaoxciG 60 

GacaiK^ Tismnsi ' icmmro saMcms (jL ' naL ' H:^ eDGaGPg 120 

15 QSSnnCSff Ta30^3flT UJLTiUJGr JOffiG3m3 TSffiCESMT 180 

ooaamsiGS G3?v3V3urr Grno^ 240 

«mn3cr Araajmsv itmoojB 003^^ 300 

20 

aasDOGiG QcmusGi ospoamc axanos AiaGGiGic ouji'icnb 360 

ifCBansi aujj r nxR . Gjoaaox (aiummjiL: trjUjIub: eaaganr 420 

25 CraaiTOC lUJUL T IUJa (JalUmUA A. TOamSGT ATOlUmXA 'lUJJiUJiUV 480 

CEDoasflT (xcESor cmji U J i uj GfOGwosr laaacKrGr jmsoGriG 540 

GdOmaCA OflTIGDOCA GnCKXDG GOSnOSC TlULmt'lCr Q333aXICA 600 

30 

GMOtfQVfA TJOWftWO" aOSmS^ 660 

K«3G«n3 oasmoA Q3CT3m23r Gsmnoc rorcriOTA oasmric 720 

35 aGJOJGC TGinmHV oocnaQsic oaormG addcssoc mmcigig 780 

C3^33Xn^E AASOOWC CD^EMXT GIGDOTIG ToKXSOG CTICRKIXaC 840 

Gjcggflsol Mjocsgi cj m mjcr asiKrocMc Gjcoaicic iGKaasnr 900 

40 

omijgov acraiPfl' 'ig^ttog Gognnc jocnmiA ujLCiuJi'iLi 9eo 

smaasKE MSOCMcr aomxciG oinmx: ■Ksciaaao' tpcch^ig 1020 

45 QQBQSSDX 1030 
(2) INEOMSnCN KESEQID 1D:17: 
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(i) CHfiKOIPISTICS: 
(Pi) mdH: 1037 base pairs 
(B) TYEE: nucleic acid 
5 (C) SUffNUnGSS: single 

(D) TOSansC: linear 

(ii) HJLEOilE T£SL: (gaxxnic) 

10 (iii) HWUiUhli'KJL: ND 

(iv) iVni'-SEKEE: 



15 (vii) M£Em£ SCUCE: 
(B) CZOC: x!SSS3fS 

(ix) EEZnURE: 

(A) OTME/!Ef: 5'UIR 
20 (B) laSUnCN: 1..13 

(ix) EEKIUPIB: 

(A) e9<cn 

(B) liXmCN: 14.. 1024 

25 

(ix) ESmFE: 

(A) NPME/KEy: 3'UIR 

(B) KXKnCN: 1025. .1037 

30 

(xi) SEOJEKE lESCBIPnCN: ID ID:17: 

jgCCTioax fccKSSsroc ojiuji ' iux: nmmsiG roaaBTiGS aaRGiGicA 60 

35 ULRJ Ui UaHJ XOgdTIG AJCTMC r Q3>OZ!!33C GUJJGGXT lUlL'mHOlA 120 

QoIGraKXE O UmiLUA MCIGKnQ3 iO^SnOX TTOCSGISCA A33a33KA 180 

taSttrrOOC Q^]!3I!C33W 10a>0333^ 240 
40 

ooxiaffiG QQcrnciKrG cumTOGc aaimsG ctce3QGBQS CaiTiowi;!' 300 
udoaBoas ncssssscr kjchoos^ oojooia cKoaaROa inaOODs 360 
45 cncnsws o^rosos gl t ico qit gjskxdsig uimcgc n ciTOj a i r m 420 

TX3flTTICIG amjiUiUb UJi'IOIXGiT GmCAKrX MOOGITflA 'iOLUIMJa; 480 
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cmocET mi m iuc cismm aaritmsr o^osnos GfiooGmx 540 

G Kiiji ' im:! ' (aansog TininGn CKpgnac KiiujLTm eaiuxuiajj 6oo 

5 

oaxiooff Q«3S«nG kswcick: ctcssigitc lUoi'iu^ciii TOSwrraGS 660 

GcnTSDsnm c3^3«iaaas aeigrmi: Tmrasiasv ujjJiULiiiT cncnmoE 720 

10 XXCSCCTG GCSOOCSGT (XSPCSGJ: TCMSKXIA GLUTllafta: CTCaCSCSGC 780 

OCTOCKG MOTVmA OmTIGIG TPLTl'lUiUr OCiacaQCTr 840 

C3«ISa3X 7«330Wi: TC3G3»OA lULIJiUiUal' MOCTmaX €2^10001 900 

15 

OftGmOC ODGEBOOC ia3I3£rPa\ OSDCIQSC 03003033 -960 

CKEnOSC Q333KrM33 MGMOa3V CKJULTUXC (303303^ GIOXSnBG 1020 

20 CTTysaOOT JOSOOC 1037 

(2) INECRKnCN KR SEO ID IO:18: 

(i) SEQUEICE OffKCIS^ISriCS: 
25 (A) IIN3IH: 3425 base pairs 

(B) T£X: xuiLeic add 

(C) sraPNUncSS: single 

(D) ICPCmSf: linear 

30 (ii) MIErilE T55E: ENA (gssxndc) 

(iii) HffOnEnORL: ND 
(iv) J»JII-SEIBE: NO 

35 

(vii) 3MEDIME SOKE: 

(B) CUaC: rlH-IRES-i£BH 

40 (ix) EEZmK:: 

(A) MME/KEY: 5*UIR 

(B) LDCTOTKN: 1..6 

(ix) H70UBE: 
45 (A) m£/KE2r: excn 

(B) liDCJOICN: 7,. 1017 
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(ix) EE7CURE: 

(A) mE/i^: intzcn 

(B) lOCmCN: 1018.. 1617 

5 (ix) £E?aURE: 

(A) NFME/t^: €90X1 

(B) uxxnan: 16I8..3411 

(ix) EETHIFB: 
10 (A) MiME/KEy: 3*Um 

(B) lOanCN: 3412. .3425 

(ix) EEKHfE: 

(A) lFME/KE5f: itdsqjfeature 
15 (B) KOOTCH: 1025.. 1617 

(D) OQSR INBLRKnaa: /pacduO?' "IFES seqjenae" 



20 



(xi) SE13INS lESCRIPTICN: SBQIDNOtlS: 

jg m ' iMUj ' lujx ' iU a i T ara?gftRA GiCTOBswg raacMGiG TcaaagnG 60 

GPCKiaMr Tis mJii^ ' luiugmG ggnmss Gi Tic og i cCTGaPsmr 120 

25 oq j Mjg p c; Qa?nni3a' igczgoot oxncovor jo\?o3m3 TGRBOOTrr I80 

CC03{I!3SSG NOKJOGZ G3i>3i3^n QCJKn!^ 240 

AM33XICT AIGCPOIA l UUL'lUm i; gflJOCIGS AUa ' mULA CLTICmGRA 300 

30 

wjmjiXjiu oaicasa^ oafomgc ogoonGS pos^csinrc auji'iLTHj 360 

A?ga3JGGA auLLTiULA QCE333UJ: cJiu d Lmai: 'DOGiaco:: aumim'm' 420 

35 axmj GTC lUJLL Ti ajG (jb ' miTum lommsr mkhjuhjia toxkeka 480 

(X T Maa Tr o^rKSCX otfocc i a:: oos^OGr laasoaGr AocoTCnG 540 

GOOmaCA C mTlUJULA GTI CTOCKa gmiggC T l ULmUlU ' G3333XK3V 600 

40 

(3ffi3«3»A TIOWWO OOSmiEG 660 

MacaaMG oasgnmA (dLiL;i ' imu3 r cdoanxs: 'luiLTiujm oGasgac 720 

45 aUJL ' iUJL: TGKJOffiA GUJIGiOalC OSfmnTIG KSHPOCK: AmClbHa 780 

(jccccntjz M3fln»^ cDca^GCEr GiuiKjmu 'imuisoc cnoftarac 84o 



Mi 



wo 96/40959 



PCTAJS96/09629 



QSSRGSO^ AOCSGS^ CI7\LD9XICr 

GRCOCSCOl 0033X20* l(atiLU120G 

5 

(3G33I3ICC AljaS^QuT GCTOVJ^^ 

ommgo: ojumciLU ciimmx ' 
10 T Mamaa c caoijiTiGr cnaaaGrm 
GDsmm: GGM^cna; uriuicnc 
ciom ggvs ggmpgo; TOGTigfflT 

IS 

iiLTiiijfflsc isscTSGxic Tscmsc:: 
20 cDc a mn: p ujl ' luuj c Trosmcrr 

G33CCI03C3r GSCKIUJIT TKJflGIGIT 

25 

OGT^mOE GSOSEGoIT TTXTTIO^ 

•nmiTtrE ujb'iuj.i.CT cnonosic 
30 cranH^ amcnoE cTiaaaTC 
lULiota ggv TCTm ymr GJgatao:: 
j^mnujiG luuiuiTiUL; smsimsc 

35 

Gio i aauA ciggv3B^ ujjmma c 

O^QoIOSn: T330GGCA GIJiaGnilTVZ 

40 omu mx ' lULX TL O ft s um ' m' 
(aoacaGCA cnaicooCT GoIUQKDGS^ 

TO^OnSOV CKlUtJiiJIT G301CQ33G 

45 

iOOIXSy^ UdUimUX 03003003 



ULiLHLlUjfuU UJUUHiillJiU IViiVjrYuill 




&LU%SJJJi\^ IxjHJuKjXIJ\ (dJLx^iULilVj 




'n^si^'m^^^i^^ ^^^^^^^nM\Tt^n^ 
UUULAlxilU IWulvdJUrU i/ljLiivyUvj 






1080 


X X X IvX/XJLfX XtVXXVXJLaJXw XXXXvaX/YU. 


1140 


xxur%JunLxrx xx^jux/tjuulj x^xxxViikXA^x 


1200 


iaxUbXunnJLs iViJLAjXXUU XUXVJLsnrL^l 




UiixvdLriJLdw iuUaLawiUUL UUUIJLXUJU 




QDQWOtlA uCJlG3V¥i UdUUJJrtOVi 




GIQSyvuC TSyyuGQCx ULiJL;iU¥i3u 




PPOjIKJJJZ Ai'iUiKitdQS MCllaKKJK) 


lOUU 


TPGHOSPQjT TPPPPffCXjI CIP033JJ3Z 


low 


iVvOtlSiIG iuTViUuriUL; GOViJUHLiLi 


1 on 


AlUJiUbiUb UlULHJlUL/i UJJJlUddUX 


xdpu 


UUUUiUcrUU UUbniJLdln^ Uuxuaru^xv? 


1740 


iuUiHJi'lLL; iuJXUJiUbr UUULAaflU^iU 


ifton 
xouu 


kJ3HJJSjPuZ iULaMviili; xvjRLriiUalvj 


xoou 


TnQ33GKIG OZJIQGBGUA 03RQfflQ333 




C?yULTiL'lUi; QOOCSfflA 


1960 


aaXCToIG KJJJJ^gjk CTTg^TCaiC 


2040 


TKEKHC3 ArXUJIUUG GTOXTOSG 


2100 


Cia3^3m3 TQ^LL'IGCT SgmCTGC 


2160 


03303003 AS^OJGOX; COIEKIjIC 


2220 



ailBM 1 1 II rr mirrr /imii ■> nm 
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I 'II ' A - n 1 1 1 023^330^ onsDOQS TGcmxTt?^ GjGjmcjx aao33cnc 228O 

03X0330: JOa03K3ff GOTOSmr MOSKSmS A3333fflaA (JLJ.UJili3A:» 2340 

5 czmoooa AdmunuLA (jiu:i:r.i:rj:i:: qctkgka os^mxjcA cnomaas 2400 

ajsxnscr ojifaw3«i(3jo^ 2460 

TO3Gcm G 3 cuica goi: ci ' iTiB CPc cogM3»G eaoaxaiic CTi ccrnrn 2520 

uuLmjiuji ' oasancr ujLLUiujft . GnociHr: ioanacr G3iGaa?o\. 2580 

m ir .>jn t .f pcsjcsuss o fflomnu -Dojom; aujjjiuJG uio'iuac 264o 

15 QoaarTocA lUcmj iGj^ cnomTc amxrsiav raaocBaai: oxasosG 27od 

AjLumnxi Tcciom33 cno33^ gogOGJi axMJGX ecnmox .2760 

T3oaG?OTC j muriuuc: au n mrc CTomjcc TsmsiiB GRBuauaic 2820 

20 

aJCIGJG G a3G33^D3 CEXHS^StA (3^?aa3KA JO^Q330A 2880 

ojg o ' iuj jesGsrcns cjaGnowG nosusssst crcaxraax 03300203 2940 

25 doaora cnaaosm. ckooisa csmsm: T33a3aosr ujjijj j ruj 3000 

G33annQ3 MS^SOGIG OSICKOJff GIGSOTO KCCCCPSC QJ^3JJ!33^ 3060 

C033«A < 4 1 ? 1 r-n r- r-a cmLLLTlU CIQCTOfflGT iCnmxrT OoIGfflCSQS 3120 

30 

THOPfCmJS M3«303 (XOGXI X OmiSICIG lUXIS^ GmOXia: 3180 

muuLnuA i oiri ' iiM uuima siG CKmsm: TGEmm* cHxrnac 3240 

35 •Kmoscr QcszoGGic ciumjGiu cootocsos GDfflGiaaA •KmsQcrr: 3300 

enama gv tdsickd^ GnosftSG oocjaxcic ktojimc aoxwm' 3360 

ommPa aijmjLic (JsrocnGgc 3420 

40 

QCCBZ 3425 
(2) INEOMOICN ECR SEQ ID ND:19: 

45 (i) SEQGEICE CH^PPCIETISnCS: 

(A) I£NaIH: 3432 base pairs 

(B) T!f£G: nucleic acid 
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10 



(C) snfflNEEncsS: single 

(D) ICEaxry: linear 

(ii) laiDJE TSE: UJPi (gsnaidc) 
(ill) I&PCaHEXICSL: ND 
(iv) HJn-SEIBE: NO 



(vii) IM^IMIE SCXKE: 

(B) QUE: rOHKS-IPES-fcnEH 



(ix) EEKUBE: 
15 (A) mE/f/E£: 5'UIR 

(B) ICCTSnCN: 1..13 

(ix) EEZmK:: 

(A) mE/VEf: excn 
20 (B) nrmCN: 14.,1024 

(ix) EE?mBE: 

(A) N»ffi/i^: iatrcn 
©) LXJSnCN: 1Q25..1624 

25 

(ix) lEKHSE: 

(A) IFMEyray: excn 

(B) LXATICN: 1625. .3418 

30 (ix) FSmJRE: 

(A) mC/KEif: 3'UrR 

(B) LDCTfliai: 3419. .3432 

(ix) £E7miS: 
35 (A) 1FME/W2f: itdscfeature 

(B) KTSnCN: 1032.. 1624 

(D) CttHER INRRMICN: /procbct?= "IBES secjuenoe" 



40 (xl) SBQBCE lESCPIPriCN: SEQ IDND:19: 

Af ^Tiuju: AiMUiia; uc m y r iax igggggciG TOasgaros x?ggiGicA 60 

uaxTUjii : MOMGrnG aiUGKiLT omuaOT TCicnaacA 120 

45 

GG amK i m; t^cnsinss^ mj in^^ ^ iso 
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KX3>f!iTJj: a^rsins^ 240 

omjimG G3DC3CIMG CDmsflo: cmmsvs amosos tTnumr 300 

5 icroGWoas vcussooci aus^ms^. oou^kixa aomaaGs AjbiuiujuG 36o 

cncnGsc omasos cmcaOT gcgotsig (nxssjnrc 'muixxr-, 420 

lUKlTi ' lUIG GLO OnGj CCriULmjT GTHCPiPan: MCTSDOA TQHXJOGZ 480 

10 

aujiix CT AKimac osmnA cracracnff orasnos soacmx 540 

o^iii'iui:!' GMaaacKr tiujcogit ciaxsosfic Ai'iuiO'ib ckiuiciub 600 

15 Gsxinofl' asowffiG j«?»ft::3cic csmsiGisc 'Hiii'iuo::^ iGS^i'iuii 66O 

GCDOnD^ 00^10333 ;CZIO^n33C TCmsmA OiCCrnGT CnCCCm; ; "720- 

AS^CTXTG aoccciGr cRaosBox naGsmnv oDcinraa: ocacscsa: 780 

20 

iGCssnsjG cccnaaws Moy^coA ojoxtcig TscmGusr casGUjn 840 

offiKsoic j«3sa«3C TCMSfflOA luucacioar Anuoarc cTsi'iuosr 900 

25 GfGrnxsc ojsnanc ToirKnG^ cuipcnasc AsincTCA cmuunuub seo 

cnrrrasG QOGSiasas MsraacA acxraax ctuluosv oKmoms 1020 

ciTftKrocKr iGs mjjjJL ul ' iuujlx (.uiiirxrcrr ifflasnsoG q3H«3D03 loeo 

30 

CnQ3«I3SV ( f-f r r-^juv n -, CJaiTiUiUm TKiUlWlT TCEHIKIJa' TOXGICITr 1140 

TOGOsoGiG jmrnns^ «mam: lUiunOTi Maoanc ciMaQSicr 1200 

35 T i' " ''!' "!' : a33«Aa3A TQovGSicr GrrsfiaGic gii3WQ3«3 CTGrnxscr 126O 

aawmcr t3«30»a amsosr MDsmnr TOsmaac Qg g cmyr 1320 

Mcraaosc MSiGXicr 033333^^ qcdosigia tmsojoc cioafifisr i380 

40 

(303X203 TlUilcittLii'lU CSOTGnGIG G«fi£SGKA MluuLuav, 1440 

ctcmglGia nososffi ao agga. tgoocmwc GDmijaT GrDooaGKic isoo 

45 'iL K iuum cL' iinaGCA cKKnTDc AiGPaiTmj 'iimiriM aaRBosim iseo 

> I > anrBfrrrm mimrmL: CTngftAR?v GmOGm^ i>Q3rmx: 1620 
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1680 
1740 



wmmsDC Q3aocx33B raaiE^ 
cinaa^oE Goosem: CJOTOD^ 

QsmosGonasiGiccrorriiB^ 
10 crrosnirociciasoGJOOTOBca^^ ^ 

" cEoros^ Gfm33a33 ras^ . 

gj^jggjQj^ 2160. 

a3n3rac«mran:i«3^^ ^280 
a33crmc oassmov TOsmG^ 2340 
" crnmimc aoOT23C3 TCiT^^ 

30 Gsocnrias cmaOTSs cx3«^^ 

ajmi33XQ3::iarocA(3OT^ ^580 
(smoas: osaoaoscr ariu mar oajxusgc msmiJiG ascrooiiE 2640 

" OTOSCIE 03300^35 ai^^ 

40 (33nn:invas3OTnovTcri^ ^ 

QGia3inOVC3raOT3aCAG33^^ ^880 
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i-ifj ■ H"-'-'-' ADxnaaGG ms^chsssjsi: a^'imuiu gcikiikc acr?(303CA 306o 

anG303c T3C3«3m3 (u an a sm: lUJLT i uj m oomdct ■iuuljxtcct 3120 

5 c3«3mTC mjGCSPGs ffuiuxnc ciuj-ujjg aasiciGrx clamm' 3180 

' lULOimG anosscr cmasms chcsktic mm x^ jmmar 3240 

Axn a uKJC muJOUCA JomtEic oamsicnr Trnmp; joaaaias 3300 

10 

QomjccsG cmaGKiDs loiosaaiT Gafggfljcr Kccaacr GimBDQG 336o 

oamnac Aduuuuujuu Gm?m3r 3420 

15 (IR333333X 03 3432 

(2) meOMmOf RR SBQ ID N0:20: 

(i) SEIQUENX CfflBACIEPISnCS: 
20 (A) mCIH: 30 base pairs 

(B) THE: nucleic acid 

(C) SIHANIXIMSS: single 

(D) TCPCITfry; linear 

25 (ii) MTFnWF T£PE: dm 

(iii) HXPOIHEnaVL: ^D 
(iv) ;>Nri-SE16EI: ND 

30 

(vii) MCESKIE SCXKE: 

(B) OOE: chPCM>IPES-070 

35 

(xi) SFP-TNCE L ha-KIFI' I CN; SBQ ID ND:20: 
A33I70^ (J.4J.);.t.I.lLT ariOJUGX 30 
40 (2) INKR^nCN KR SEQ ID tD:21: 

(i) SBQLENCE OIKQOERISIICS: 

(A) inmH: 30 base pairs 

(B) TOE: nudeic acid 
45 (C) SIPmEQCSS: single 

P) TCEOOGSf: linear 
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(ii) MCinilE WEE: cOCV 
(iii) HfHJlHlJiiaaj: ND 
5 (iv) ^NET-SENSE: ND 



10 



15 



25 



30 



(vii) MCDIfflE SC3KE: 

(B) CLQE: oIPES-rlHD-071 



(xi) SBQGE2CE rESOOPnCN: SEQ H) ^D:21: 
(3S^X?GS33 AX^UbTiU lOQCTfflQCTr -30 
(2) DJECRKnCN RH SED ID ND:22: 



(i) SEOBCE CHRBOlRISnCS: 
(A) lENoIH: 30 base pairs 
20 (B) TYIE: nucleic acLd 

(C) SIRSNCEINESS: single 

(D) TQEOXXSf: linear . 



(ii) MTFmrF. THEE: ONk 
(iii) ffiPCniEnCJai: ND 
(iv) *Nn-SElEE: ND 



(vii) MEDIME SOKE: 

(B) OriE: oIRES-rTOD-072 



35 (xi) SEXXUCE EESCRIPnCN: SEQ ID ND:22: 

C T im oft cmn a ox aub'raxcA 30 

(2) INEOMSnCN ECR SEQ ID ND:23: 

40 

(i) sEQLENi: oMvonasncs: 

(A) IEN3IH: 4499 base pairs 

(B) THE: nucleic acid 

(C) sraSNEEQESS: single 
45 (D) TXSCUJSi: linear 

(ii) lamJLE TffE: im (genanic) 



«.MflMP #Mii r 4C\ 
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(iii) ffiKJlMblLlC?^: UD 
(iv) JNTI-SENSE: ^D 



(vii) IMEDITflE SOLKE: 

(B) CKNE: p3nc-t±rtth fusion 

10 (Ix) EETOIEE: 

(A) MWE/MY: 5'UIR 

(B) ICCKdCN: 1-.43 

(ix) EEMIEE: 
15 (A) NfME/KEif: excn 

(B) LOCSaiCN: 44*. 89 

(ix) ED^HEE: 

(A) N?MB/KE2f: Intrcn 
20 (B) lasaiCN: 90. •168 

(ix) EETnUPE: 

(A) IFME/KEY: excn 

(B) LXanCN: 169. .482 

25 

(ix) EETOUPE: 

(A) MWE/KEiT: intrcn 

(B) DXATICN: 483.. 1080 

30 (ix) EETmJPE: 

CA) N?*E/KEY: excn 

(B) I£)CanCN: 1081.. 2091 

(ix) EET^HFE: 
35 (A) intrcn 

(B) KJOfflCN: 2092. .2691 

(ix) EEMIFE: 

(A) MMS/KEY: excn 
40 (B) laSffilCN: 2692.. 4485 

(ix) EEKIUPE: 

(A) MME/KEY: 3'UIR 

(B) LDCSTICN: 4486. .4499 

45 



(xi) SEGECE nsCRIPnCN: SEQ ID ND:23: 
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M t jj i i j ri j i ' nyrrrram t- ' iu^jtitjjmr CTmsDTTT JgggiaAag' (nu:D333l! 60 

mrcncEic caaaaaac tssiboos tngbsscsc osfflGiUJLAifflcnGms 120 

5 

lOSOiNffiCr CiUHaB CBSr GX!RKIO!Cr TIUJUITILT TICCO033 GnSATiaaS 180 

ci'1'i trni.f ■ Cl ' lUJLLUG OCnOfflOV 02203(30 T32CDmA 010333303 240 

10 (3Cfs niiu: asasrocs Goosmscs ojiMajn axnxjsc 0030301 300 

qryarrgrrrr rmTarrar agfrnrrmfn (-mjiTU^tfr cacnmaG Jfflfflorggv 420 

15 

MJ iti'i u-T snacTsnc i^AffisoaiA igocmsa ooxBoyc M33303Gr - 4so 

onmmB < "■»■» tif n -! njx'jjxLi:: adxCTms tpoulll u MoxEmG .• ' 540 

20 (3ffia3Q03X UsiUlULUiT ToIClKEKIG TJUKI'ITIULA CCMKriGCC G'lCITi'lULL 600 

ffOGisma oersGMgo: 'iuJULUiuii: ircngmv osarccpc GjjiuiTm: eeo 

(j ci aua jLA jgg3ggg3v Aj b' iaui ' iu jftromg^ pas^fcciGr lariuujgv 720 

25 

oji ' ia ' iim sowotfc GOGDms im;muA q33QD33a cooraccr 78o 

G33aCK33r OXl OLU aS (I3ftfi?mA CGKIM7«3 MSCSanJX MBOaasaCA 840 

30 ofoincr auosETsr cKsnosaA GnGraswi cjdawoG ojiciuLicA 900 

j mai K roj \..?ogC3grr gg^agoor c?g^?03gc oasaiGroT at-Koar 960 

nry yyTrnr anaSOOG CITDOflGr GITI3033V QSTDWftnA CEICISOaX 1020 

35 

omGKttA oBsasnaiG Grmoarp Q»fiwon; mgutwo^ loiscascc loeo 

mUalUJLLT ( JjnUJJf G ?fM>GI!3I!CG (SKHHSOi AjRaKJOCA UJlUaiac: 1140 

40 Ntsmsu: cnaffluiGEa . ajosmc cuumLTic T cnaaaosr Gmiumc 1200 

t rj Tr r ^a ttfr TSaTOOMA GSnOITIC OGUaWS: M33n3«r Ml'lUUGCKT 1260 

aOffiKDCA C20233»OV QOTCCD^ TOSmSffi TMKIOK3C a:nGRflOIi; 1320 

45 

a U PaULJA umuriG i t nra mar cnxaGKnalT TaSOOncr 03»a33I2C 1380 
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TGJXSSJIKZ (3^M30G 0700330^ C3Q3^m33 TGMXXiiTr Cni3«33C 1440 

033O33CT roamGOG j mjLiiuujL; omumtii' onmsisi I ' maumj isoo 

5 Jdonaccr 'lU Dt j j jUji'i' icsffiiG^o; ogewmcc QcnoGinc cecwxtmg 1560 

CKnomG im2330G cnaxmcKS crsnnm: jmsmxa^ ul'mjjmc lezo 

cojicxrnG ojLirtji ' iac cnoso^ 030^33^ ciLWi'ix ooomsA 168O 

10 

o^fsnmA tfcicsojc asnnciBi Tiaom:^ Mncnm* msnmjG 1740 

'i]i3«m:m T mnaa ms cmiaurr orpmsm ozmosc 1800 

15 M3^3CnP3^ QSKHSGX TTHSaXSG KSOSSGC TaIQ3ffIE .. 1860 

Tfm«3ac AwmMCA Gccusjnrpc mmuiajG jmrroA Tgcoms 1920 

csosmoi QsycDsnac coosmic oojaxog TCOsraA GmomE ' i980 

20 ^ 

■000033 CX3ffE3CEr i0330n: CEia003^ TCXSGDaCIC CnOGPG333 2040 

GicggaiG AjjiOi og (jL ' iujjn.x : (jLaciiataij om'ig^m MrocamGs 2100 

25 AKnmrr aaj c i u ia: axnriMc Gn3033x omixm Gswajwir 2160 

(jGoKjiumi ' TUGUcnmr Grmnrux jmvmnoc asKTmas cMDSKaos 2220 

Qojnsm: amujin i crrcnaos AmrooA (Jiijium oGLTcraax 2280 

30 

««jaMn: wmcjcrr GRKiGia3iG APaswaac 'nujiuioiA ajltiuths^ 2340 

aaoggoft. UaiUiUM g g m. ' mu: Amona. aminn: T33330V33 2400 

35 lUjaUIULJi Q33V0«<3X KSSSUm^ OmOCOS GWOnSGZ JOm}33G 2460 

TxsjjasnG TGcnaso' astigigsa jogorm ouiuiulx' wmsuoric 2S20 

gpra yrrrr QS^S^OSIA aXDOlGIA TOSSOOS^ 'la^J■^■^J■r.T 2580 

40 

(jmiujc KT (jjiTift CBaG ' imTMUj i03rma?m imciMG:: cnimgcc 2640 

MQ33303r (JLa ' mULTi ' GffiKD^i: TimSOifC aOGUmr: 2700 

45 AumsDQG auci ' ioi ' (j jiimujiu ohogchsjc uocpgoschc uj.:iaui.i.: 2760 

ammrr ' lu » ; /nn ' a aaaDxciG omns^ Qsmirosv ojiuiojkg 2820 
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ismaozr moojxiA omacnc Tumuo; 'lOoPHiiaaGR. g:30W33:t 2880 

GaGKOGi ' Tioaarorc Ggmsms gmoag^. A L uuiuaLrr Ua'iujuo: 2940 

5 

T33030^ GaaCGQCO: CmilTiULSS SHGDCnGSl GKSn^SA GGQJTQalC 3000 

amoso ami3mi Tczra^azrr ciqctssc A3^330x ASffloariG 3060 

10 'D^xiGu.cr loyoosx titiludaol: TGionxo^AiTOTniT csioaasc 3120 

ffTTi fn - J t f lUa ffK r i G GMEggrnC TOiajTOJ-T GS^SSCO^ 3180 

;»ooflCD3 anoaac oaaoaa^ mssiqct^i: lozitaMX omoim; 3240 

15 

pfa333in:TioojoB33S^amxn^ 3300 
cn3333car A3a3C3iA crosKinjc GD3m3«: n xmj ns cnujjj ja j . 33eo 

20 amosias looGEWs^ Q3i3min^ 3420 

Kras«30 'lULftjiULu: aacxxsGnc ogxxktcc ancnoc cmiiL u r 3480 

acKD^A T3«jmA GoaacicTffc T i au j aac Msmox asxroaox 3540 

25 

c i oamiA AuuLTi ' im otojxpg G^pcn^ajx to3ctg33 aisinm: 3eoo 

'KriCDga' To cc axT osgGnog TOcnogoc ooajnar jgogms 366o 

30 amoocr 033330005 OuTGDcdc ajluj i qjx 'lujiujjrr osmmsc 3720 

tanaxssaz 'i mj^ » " n ' -^y- GDomn: cj U jtfi muLA 'iujjlj.u.4.a. asmmr 378o 

' n U olUJl lA n r-i-t -ii; aUS^CPPC 1030130: lULLLLlUIJ OQOCICSGSS 3840 

35 

jmoogCT iimxniA ajxiuo os omoma occss^uss: ggixjcpcig 3900 

( jiaaia ic j mjGLma i (30ggac 3960 

40 TKI3G30\. TXQSOGrr (3«3«3aIC dGOGKr M3D33GB£A OonOCKIC 4020 

AUCi ' iULA (3aW3K3C GSWSCKE KIIIQSXA UUbHHaaHHS Cl'iULUGflTC 4080 

cios^H^ TsnusKSft. ciaiG'Rxa: TTcnmir AacQ3Gur oasncrac 4i40 

45 

AKsmms iQamros oto3C3c j^sdctdx gx^osksa csosticbsc 4200 
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laromE oaxooxE lauiuriG jrasma: axnamr 426o 
TOssoccr Toraam qgjiqcicbm ujx'raracB ocnrasa: CTocroaro 4320 
5 c2oa3«3v oaariuiH: ci jiuxcri c cTmnscr G3«iaiiA am:iGXT 438o 

QGRTOSDSr CDffinOGAiOmiXn CrK303X C2GiaGXA (JX'lUQGC 4440 

m mj ijj jj cnmsra cmjocscr Ga233C?««3 G::3GwmG (ijmi:i.r 4499 

10 

(2) mEOMKnCN KR SEQ ID N0:24: 

(i) SEQUENCE OlRBTOEKESriCS: 

(A) IfNSIH: 30 base pairs 
15 (B) TYEE: nukdleic add 

{CI SIBnCEUCSS: single 
(D) TCEajDGSf: linear 

(ii) MTFn.TTR TYPE:: dNA 

20 

(iii) HOrUJHhlllcaL: ID 
(iv) JRNTI-SEIBE: ND 

25 

(vii) MflazSEE SOU RCE; 

(B) CI£NE: oIPES-074 



30 (xi) SBQXMCE EESCI^IFna^: SEQ ID ND:24: 

mojmxi cmji c m : l ajuimj c c 30 

(2) INEOMXnCN KR SEQ ID ND:25: 

35 

(i) SEQGENS CHfffflCIIRISriCS: 
(7^ IINBIH: 30 base pairs 

(B) TXEE: nucleic acid 

(C) SSRRNCEINESS: single 
40 (D) TOECTITY; linear 

(ii) M3tEniE TXEE: dm 

(iii) mPaHETIGSL: ND 

45 

(iv) JNn-SQBE: ND 
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(vii) MCOmiE SOURCE: 

(B) dOE: oZecx±H377 

5 

(xi) SD3£1CE DESCRIPnCN: SBQ ID ND:25: 

jmjoagr o ^uLiULa : ocroaaoCTC 30 

10 (2) INECRSOIOI ECR SBQ ID ^D:26: 

(i) SBCPENZ OK^TOEKISriCS: 

(A) IQdH:. 30 base pairs 

(B) TlfEE: nucleic adbd 
15 (C) SIBTMEDESS: single 

(D) TCEOnSf: linear 

(ii) MTTFniTF. TJffE: cOA 
20 (iii) HYFOIHETIlCnL: NO 
(iv) JWH-SENSE: NO 



25 (vii) m^EZOKIE SOICE: 

(B) diaC: OIPES-Zeocin-075 



(xi) a)3INCE DESCKEPTECN: SEQ ID N0:26: 
30 

QSKNcns oimuoi'iL^ TQSZMznr 

(2) INECR^nUCN Em ID N0:27: 

35 (i) SEQIZNX CSPStCTEBlSnCS: 

(A) I£NGIH: ^ base pairs 

(B) TXEE: nucleic acid 

(C) SIBPNCEZNESS: single 

(D) TCEOflSf: linear 

40 

(ii) MTwrnrp. t^: dm 
(iii) HnOIHEnnOVL: NO 
45 (iv) J^NH-SNSE: ND 
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10 



20 



(vii) 3Me)]KIE SOKE: 

(B) cmE: oIPES-Zec3cirt-076 



(xi) SEaiNCE EE9CRIPIICN: SEQ ID ND:27: 
(2) INECR«nCN KR SEQ ID ND:28: 



(i) SEQHCE CHSKOHRISriCS: 
' (A) LENoIH: 5540 base pairs 

(B) TJXE: raxleic add 

(C) sngNTEITESS: single 
15 (D) TDEaLDGf: linear 

(11) MTrmiTF. TOE: U/Jk {geoasdc) 

(iii) HnCdEnCMj: ND 

(iv) atn-SENSE: ND 



(vii) M^EnEMESOKE: 
25 (B) a£lE: PCMIFOH-n^-THD-II^-ISH-IE^-Zeoca^ 

(ix) EETfltRE: 

(A) NPME/KEY: 5'UIR 

(B) HTTOICN: 1..118 

30 

(ix) EEJ^KJPE: 

(A) NF^MEyKEY: e»cn 

(B) L0C3flICN: 119.. 164 

35 (ix) EETOUBE: 

(A) MWEyKEY: intDcn 

(B) irxancN: 165..243 

(ix) EB^lTOFE: 
40 (A) excn 

(B) LXmCN: 244.. 557 

(ix) EEKIIPE: 

(2\) NPMEyKEY: intrcn 
45 (B) LXmOI: 558.. 1155 

(ix) lEKSM^: 



rainivvmrvr Aiirrr #mii v aa% 
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(A) unE/J^: &an 

(B) UOTKN: U56..2166 

(ix) EET^lUPE: 
5 (A) lSiE/N2[: intxcn 

(B) KXmCN: 21CT..2766 

(ix) EETOIEE: 

(A) me/!^: eN3i 
10 (B) IDOSnXU: 27^7. .4560 

(ix) £EAlIUEE: 

(A) lVi£/KE2f: intrcn 

(B) lOJSnCN: 4561., 5159 

15 

(ix) EET^IIFE: 

(A) mE/VEH: essn 

(B) lOCTOICN: 5160.. 5534 

20 (ix) BEKIURE: 

(A) mC/WY: 3'UIR 

(B) XJXmCN: 5535. .5540 



25 (xi) SECJJEICE HSCBIPnCN: SBQ ID N0:28: 

msjnxssA cjLmjLama Kscacmsi mmxm: j^umjmj artict33g 6o 

MAKDOCA a033D33Z aUGTOWX CDOGKGV QuIGK3033 'iUJl'iaCMT 120 

30 

a»«i!QC3GC imsnKicr ' laiucu sa' cocpghqsti ioosDtfGS ux'iuucAfiG i80 

uxnyscrr amaiccKr moztgig JO^ciaiAA Tcscmox TncmaA. 240 

35 ooaajnaA TiLmjiTiu omjjnu: onoaGiT oggmaG cuatiuiuix 300 

AUafOUm Ggg33gg 033000303 gXaOJDg^ lg03aJ33V G3333CCTG5 360 

(jxsccsoEPi Goom^G nut 'i '^ ' ^'-^ ' - aoatasQA oaoffloox arracMGA 420 

40 

Trjj^GrTcrV '^ " ' i t -ijj -j- M t j n ' A BrrafMPTK ensmrasT 'rm^mtiULT 480 

a33Q«3G asoorn: oosiscx tsttcabma asnoooc ABtasojrr 540 

45 Kms'imB oiacrngs oomm: ouiui uxt oooooooox •Dgosnacr eoo 

G3303ggi: GjroaggA. AJU JLUaiUf (jmmmui ' AaMGrmrr TKonaaA eeo 
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Tiu j mia ' i ' TiaaoggCT gmajooas jggmosx ciuaic i T (jasnsjm 720 

rrmrxTTTr M'l'ir 1 1 f it 'i' crrnaKm Mtraaoaic TGntaaror CGnaaGaA. 780 

5 

(jLaai'iujii: TOGK^aoTC TicaftG?og\. jORcsiciG mnaoxT TrojmjG 840 

(jsstajnz o ujimuLA o yoiujcjc iGcoacaggv j umiaim ' ioaagaaca. 900 

10 aCIGC70»35 COSQOVO: CCPGS333C Gl' I GIG?^ GSOTrnGT G3»V30C 960 

manszKn: ccin«333r mtckoks Q333ia«23 mqdxt^ GoraomT 1020 

' luimuaj T ata ft JUMaa orroGGioc josDocnm omnGnm Gioiwrm 1080 

15 

mimsncr mnmxyn rnxxms j mujmT a i myg ggv jooaagg U40 

mjUl ' lULlA GfWXMOar ULUJiUalX Cn«3W«G TGKQGWOT Q30«3IGr 1200 

20 ommos ro^x3«3!T T3m:3aa' CKomo:! fcnujooas cncoac i2eo 

C ajS I G ggC QCX3023ICE ©MZTSOT QCTOOOTG CEITOCSGIA C2ffla3033r 1320 

GRMJgffIC CrS O talGS^APOOmS (ggOOVITS CSCJ0G3g^ GgGjIM?ff 1380 

25 

GiooCTSii mm c'iA TGengmKr Gxmms jigxCTGg^ G3srnaj>G i440 

cncKHw:: c- r T iTOTin? cnms^SG go^xkdx cso^oqsv oGscGiGKr isoo 

30 cm ' ia ' iuft . MgmBC T am mg amsmi; loiiBsrcr kjctocgx iseo 

UjM ' lTiC "KmJGICr (iJ.LTiUULL: O'iUiTlLMT a3m3GIA TMCGGCOT 1620 

amcnnc ci m u jfl 'x c KCicsmB csosciax AiimjiuiT qosoogia 1680 

35 

cmaGnoG caionnx: aitiuulug Trcmsos iooraacr tqcsocicig 1740 

oaamcsc MJ3»o»ffr *n3«»Hnc TOjmsiGr ^oasncsc TGia3«nc leoo 

40 GaaaMcm. jgoggaos osgaogg oji ' jmujm omoacr Gacnccmc i860 

GSggQ l U X ' T a JOOCET GK3^3^3SC OCiraGSKr OCZEimSV CXStaCSCA 1920 

QCW33GII3C TfiroffiOCA A3aa«KX: TTOSm^G 'lUJSCiTlUr GTCDSBCaa: 1980 

45 

T1C7M!Q03 GC2«^330A QCK3^33SC IJOQaCJCIC G1MOCM33 aXXTHCUCT 2040 
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GIOSKalTlli KTOSUaC PCSBBIHn GOaSOGG JOGDOCTCA 0030035 2100 

(J3CI!0CnX33 JG3S33H0CK 03013033 000X103 0X70330 (30IQD3flT 2160 

5 joawgflo: masspoos a mauuc TCr njuim: cmaoangc Tsaoaaag: 2220 

ujLJi ' juu^ r jg oiim i G ' lunaTmiL TMRDarmr ' vl ' lkjjc cxc KngnsKT 2280 

■ mujjg OG iQomrG swocaoac (rocncr TtsososT iccnmssr 2340 

10 

aTiuuLUU ' ludm ggfflj j«D33803r cronogaG losiggosi Ms^jncEr 2400 

OGSfiOnT Cra3«OOVJ«3SOm' GD0330X Tn^^ 2460 

15 cpoagaas ig ojiurr auiiJuim igmaoaiG TM»gqac jmoeaBBp 25zo 

auix M: auburn asncigcr raamsnG TG3ft?gor oggmmc 2580 

icrnosms i3mnvoA Qaa3rii3«G 2640 

20 

l e nsaoG s wiTtT ^ ooaacrn joasiGm AsrasosiT j»brrscgic 27oo 

Bomnr GSO30333 oosiGGaTr iniTn^^ 27eo 

25 arnxsoGT janxm: < ■>■ ■ !»•'•» "-t • Tiuunmio i lasmox lUJoiraG 2820 

( ?3?ir j3 icn c cnaoDSOG cuuiT nim:; iroooajx qxessox (ctg3gso: 2880 

Cl ULgOJUI' CCIQStfOfl' 00330003 003^303^ TCDOnOCA (JL'iUJiUaRi 2940 

30 

CG3SOCTCA AjjunjaLu r ujiumma Moioaso: oonggj Gaoffrocr 3ooo 

G20T33ia3 HOCSCSGSC HGPCPOSSC G333nSCr 'I'lUUiSro:: ClUaORaC 3060 

35 QOW33333 iOSKEMCT 030X00 OO30T3O; JOCTICI03G 0X70003 3120 

joaseso omfl MCT ojitTiuw; MaxTmo G^oaoicA ccoawaac 3i80 

mEnnao3 tosojito oaum.H j GiGmKOg tu:tg303i oj.u.jaa3^ 3240 

40 

i i LUJiuj Gr ooaogoc Aiuumj i Hj oooaac Toagoasr otojiujig 3300 

Moxno3i ToaxMox (jULmojx Goasoox: oAXjaiaai qaamax 3360 

45 cmsoaia: 'ir vv it »'» « 'f - cao3^3o: pasncinsr gotceioo coonoiE 3420 

QOaSTTKE OaaXDOOl OaaSKTOG TTOSODXTV 'lUalOOIaA. G333S03G 3480 



inn m r m i ni ' mirrr /mn r «iM 
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a t j.:iujm; momm osicnoopc 

TOG3Q3X: CCE33XBC C^fCKIX^G 

5 

I 'lr jjnj i'i' t .f^jn ' iijj, a333«33X 

•I'Minsn:. axiA.'iKxmc (aaiTiuu 
10 GDsrooG G ummm auL ' ium: 

LLCi'lUU^ CX333CKOT CJjtiLL'H.i-t-t.: 

OHMSgi uiirrruCT cnomn: 

15 

au.ujL3 X T a mj^ ' iiA Q mji ' iuj x 
K muaift . ooGzroa: omsmac 

20 aOTOGX GOOltIA GdRS^kKnz: 
GSOOoDX TLMonac TIG:30lI?C 
G3Q39mD3 GSmrmS^ GSmiGKi: 

25 

OmO?^ lOm^m; OBDDSIGS^ 
GUCSiOGSr TOyOGOS^ QSftf^GOX 

30 ' mauium i t jjxTCH gv cnmogc 
asGCDocr ockkiscig ct^csgsicc 

033CTGGGGC TCC03gg OSIUIUJGS 

35 

Mi3g2ric JO^GCcon: coainxc 
imoaajE a.H.n.i::icr uucioimj 
40 jgaaanTrjj GSGSsjsm gioksksss 
jmaovsr ansffiAcrr cmcBsicr 
aaum ft. MGWooaR. (j:aciCTKA 

45 

c n aiiK C JOtfgcaacs iciGgmg^ 



'1U.U.I.U.I.IJ ;mcsoc oaoomc 


3540 


gnaoDGX TG^cnciG cdsictcgig 


3600 


tttocim: gggaar Arj,LrnHTr 


3660 


ojx'm^ TiQOjmi o^mTos 


3720 


ARinnGT ALITOmr 'lULLOUCQS 


3780 


auGoaKA cumaiaT Gooaioox 


3840 


inOSTOSS iOVOSSC CXTUJIGSX 


3900 


ICOECnX iOOS^^OCT GUHnXSG 


■ 3960 


ciHjgog jOflOarg^ CTGoaoffic 


4020 




4080 


A?OOI3^ X7>03m:T G3GC?03jIG 


4140 


GiG^iCIKDa T3C?CDOA CrnXJOOa 


4200 


a;iui:i'iu: TCDOKjm criujanc 


4260 


ATiUJoax AjmiXTCT oriiieJG 


4320 


cnxsmir lavmxcr GgmLTii: 


4380 


imjiCTX CLTiajgE cs^asffiT 


4440 


THOSfiSGZ Cnmxno^ CIGXCTGX 


4500 


GiuacmA 'iu^iTrj333 G^yonsv 


4560 


ajxu«JGiT mjiOGODS^AmijnuG 


4620 


wmujc oamnmt 'iarnuiA 


4680 


ncmspcn^G CTorcncos ciiicmujL: 


4740 


AiGiOoKm asvmoT oriaasi!^ 


4800 


orrno^ gsmaasc oDDoomG 


4860 
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(x:rci!3Jii: 

m x y mwi ca usnxsin jmasoTC Tisjnstfc NsnmsoG coxrcm 498o 
5 umiM ' iiM a mjjjjiii aKa a aoxc jososrax cmiGiTiaG osncicsic 504o 

' nJ t i^jf I ' tt x ^ GKUCao: TTlTOaGIG TTDdOSG GnMRRBBC GICIBQ33E 5100 

anawuc gssscgigs TmiLHTib jftw«303v Tsmfflocrr oocasMiA sieo 

10 

' iUdJUft ZCTT GiXKSMx : ui ' ioujiUL : TomPTG oaaamr GaGOGGroG 5220 

jgnciG3€ e mjmjL ' ic Gmnciux; GaacncEr Gaogcsc Tmn33iG 5280 

15 ir T, n t i jj.a aaiajTCKE ciGnaacA (j.u.UiIUla GsmosiG GroraacA 5340 

joanoac aujGiiG i m uiujjmji.r.: Taaaaocr GDmnac lOGmass 5400 

lULaimoa c GKcnocEG smiscrE oaaimsa' Gmsoac anaoaQ: 54eo 

20 

oauidUjUa Gs mjax ainm o: aa ujuGGD ^v ciGJGrgjic TiubiaGcnj 5520 

MaOCSGaV CIQfODGKG 5540 
25 (2) INECR^CN F3^ SEQ ID N3:29: 

(i) SEQUEICE OSIiRTOEPISTICS: 

(A) I£NaIH: 829 base pairs 

(B) 7^: nucleic add 
30 (Q snSMEEDESS: single 

(D) TCECUX^f: linear 

(ii) TOE: im (gaxndc) 

35 (ill) lOPODEIia^L: NO 
(iv) NUnrSE^EE: NO 



40 (vii) ItiCDOB^ SOURCE: 
(B) GLOE: ProKCS 

(ix) 

(A) IWE/KEf: 5'UIR 
45 (B) KXSTICN: 1..16 

(ix) EEKHFE: 



..»imnfrr eUCCT /Mil F 9li\ 
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10 



(A) NR^yKEY: excxi 

(B) KXSOICN: 17.. 820 

(ix) EETHIFE: 

(A) l»fi/KE5f: 3'UIR 

(B) ICCmCN: 821.. 829 



(xi) SEgECE l,KS(.KIPnCN; SEQ ID ND:29: 

oooggjic oaxxaros oaxGnair go otiuj jmrnGc im'iuauaji 6o 
(■^:^■^■ l J■^■^■:lu axnjaujG T 3. i iiji:a3 v jaaaGcac GRrrocg m ujmLHjL'm. 120 

15 am3M3IG ( -ULUJiilHj iOaOtfOT CEiaXTTX GIMTOraKT GIGRBQ3IRA 180 

ioaocncr casffiBKnr oassfflonG cjwaaanc QGuRosiGr cx3fflBD3GA 240 

oi ' urum gamsfflai (h ujjlu g iiammsz munstG MgrnanT 300 
20 . 

QCSGJX>A1>CGIN!333:3 OCn:in>nX^ 360 

Ha LLTlW 033003^ C?ggfflft3l G3Xa?aG3V aaDSOCTO: TCaXaBgE 420 

25 GDm333393 TK7OT3WOVM3ffir?OVG3n303C 480 

CdGdTWA. Gg ^ ' lUlLb ;S4003a3V CGCmm: AXaGGfilQG 540 

GfOSm^ O^QSy^SyC TG?03^;0C AITOGOS^ 600 
30 

i^nuim ciQffinsaG m333»aca q::3Q3(3«3 asm^uoocG oji'MUG 660 

K^3cra33r amsmsr asiosasA cnraswv oasnoosfi GmccKaA. 720 

35 aiL ' mujj Gf mjiuuj arosmvASgnnm AjriKJiiiAjgsgo^ 780 

Ksyy^ss^ N9f<siiT€G c?OjK1'i w GoomTA asncmc 829 

(2) INECR«nai HR aSQ ID ID:30: 

40 

(i) SEQUENIE aCKTOERISnCS: 

(A) IDdH: 598 base pairs 

(B) T!fEE: nucleic acid 

(C) SIRPNIzn^ESS: siiigle 
45 (D) TCHiaSf: linear 

(ii) M2HULE TOE: IMV (gannic) 
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(iii) HUUMIL'jyUML: ND 



(Vli) IMCnmiE SOURCE: 

(B) CiaC: IHES se g na n oe 

10 (ix) EEjmPE: 

(A) I«»G/t(EY: iixbxn 

(B) iccancM: i..59e 



15 (xi) SEGJEKE EESCBIPnCN: SED ID ND:30: 

Ggg fflimujL : (JLiciuiac a i .u:rj: > : i :T a?p3n703 GnaBGro cnaa?^ eo 

ommjimij UaiTiuiuiA mimwiT inxxxms: mmum * usumsss 120 

20 

jmmx33v jymtam: luiaia ' iG Kamarc cpq333ict tketticic ibo 

GDCTSS^SyV IQCTaQalCT GnOff^iIGIC GrGTtffGS^ G^GrKdCT OaBu-Tiui 240 

25 Tggm^qgv e mmcna ' jmaonr Txnmxsz Ga?mnr jmtmac 300 

MSioxicr co3in>M>R. GQomGiA ■nyom^csc crocTSwax gsscsmx 3eo 

QCTGCXaOG ' i ' l l jiUf^ ' ilj SaKaTIGIG gft?GOa\ MK33CTCIC CIQgQJSIA 420 



30 

Tin»o«33 oanssosv tgxd^s^ GumxKrr GDooasac usadOQas 480 

cniujiULA qoGCTrpc MGiGmKS lUj^Tim iw^mciA tijjULim iA 540 

35 ( ijiULa ' mc ciTPggggA cxsaGOA Kcrmac mxms see 
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retmnoe number k^^j^/ ^ ^ 



. ImcrnauiNMiappiiciimNo. 



INDICA TIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule Uto) 



A. The induaiiofu maue bcnw rciaie to Uic niicffKirgifusRi reteneU lo m ibe 
54 ^ . line S 1 4-2-^ 



on page 



B. IDENTinCATION OF DEPOSIT 



Funfacr ^tposiu »re Kicnurtcd on in sclditianal abcct | | 



Nmm oi deposiury insitiutiun 

American Type Culture Collection 



Address ui dcposaurv inMitunon %%mmiMm9pnM€94mmmm 

12301 Parklawn Drive 
Rockviller Maryland 20852 

United States of America cell Line, RINa/ProA/ 
Identification Reference bv Depogit^or »,P030/P088 



Dstc III ticoosii 

07 June 1995 (07.06.95) 



CRL 11921 



C. ADDITIONAL INDICATIONS lltmmmlamkifmm Mp< i w * H Tbi* uUdnnaiMM n eomimied on aa 



In respect of the designation of the EPO, samples of the de« 
posited microorganisms will be made available until the pub- 
lication of the mention of the grant of the European patent or 
until the date on \7hich the application is refused or withdrawn 
or is deemed to be withdrawn, as provided in Rule 28(3) of the 
Implementing Regulations under the EPC only bv the issue of a 
samole to an expert nomi nated bv reaues rer (Rule 2ar4) FPr> 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADEfi/ifct wrf i iiMiwf >»Mi^dfl 



EPO 



E. SEPARATE FURNISmNG OF INDICATIONS ^kmMBflltifMicnrficaMe» 



llMOMiotmiisicdbcioitfwtklbetubmiticdtotbeliiiaiiM 



TPjTlM iben wa» metved with tbe tnscnntiOMft appltasion 


n IblsabcBttvttKeBtvedbyibelnicnMinaaalBumttoii: 







SUBSTITUTE SHEET (RULE 26) 
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Applicam s or ageois tile 

retfcffCTce number OTT/29 CIP PCT 



. IniematiunauppiiocionNo. 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule I5bis) 



A. llie ifioicaiions maac ociow reiaie lo ine micruorgaifiism leieneu lo in the descnpuoa 
P»gc 54 s , line S 14-23 



B. IDENTIFICATION OF DCFOSrT 



Fwnbm deposiu are identified on an 



□ 



Name ot depoaiury 



insiiiuiiun 



American Type Culture Collection 



Address ot deposiiarv in»iiiution inviiuiMif postai tod* tad taaunf 

12301 Parklav/n Drive 
Rockville, Maryland 20852 

United States of America cell Line^ RINa/ProA/ 
Identification Reference by Depositors P030/P088 



Dale OI deposit 

07 June 1995 (07. 06,95) 



CRL 11921 



C. ADDITIONAL INDICATIONS fUmoiMiikifmotMppiicmbiti This infonnation is continued on an addirinnai abeet |^ 



In respecc of the de.^-'.gnation of Finland , until the 
application has been laid open to public inspection by the 
Finnish Patent Office, or has been finally decided upon by 
the Finnish Patent Office v/ithout having been laid open to 
public inspection, samples of the deposited microorganisms 
will be made available only to an expert in the art. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE r»fUmmUsMtum9mmMfd^M&4mpmtiStma) 



Finland 



E. SEPARATE FimraSHING OF INDICATIONS (/imMbiifc^iiaiefp&eW 



1 fbc iadiciiions listed below will bo subrnmed lo the ImernaiioQal Buieau later (i^MB^yifceffaMiiMiiveefcteii 



For receiving Odice use only 



Tilts sheet was reoeived with cbe intemauonal application 



Attitau^xed officer 




For Inlemational Bimaii naoooly 



n Ibis sheet was received by ibe 



Authcrind officer 
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«&*i^""'"^CTI/29 CIP PCT 



1 1 nternai lonaUpplicsiiloa No. 



INOIC/VriONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule I3bis) 



A. The indicaiiom maac ticitiw relate to me mnvoorpnism reierrea lo m tlw descnption 
on page 54 .line S 14-23 



B. IDENTIFICATION OF DEPOSIT 



Pttftlwrdepoaits are identified on an additional abcct 



Name ol* deposiury insiiiuiioo 

American Type Culture Collection 



Address oi dcposiiarv mstiiuuon w^ituhnnpostaicodtudtmmryp 

12301 Parklav/n Drive 
Rockville, Maryland 20852 
United States of America 

Identif ication Reference bv DepQfiii-r^r 



Date of dcpnii 

07 June 1995 (07. 06,95) 



Cell Line, RINa/ProA/ 
PQ30/P088 



CRL 11921 



C. ADDITIONAL INDICATIONS iU-Mt^lamk tfrnm^pplkabkl T%is inlnnnaiion is coniimicd on an 



□1 



sfSotfr^^^ih*'^''!*'^ °^ ""y/^"^ intention that 

samples of the above-identified culture shall be available 
only to experts in accordance with paragraph 3 of the 
Fourth Schedule to the Patents Rules 1995. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Qfihtrndkatiamtafamfota impm^ ftitnj 



Singapore 



E. SEPARATE FURNISHING OF INDICATIONS f&awMcati/Mi^V&iUe) 



Tbc indicMioM land fattow will be mfaraitted » the li mn w no iiii B mww W m ^ fmiffim vu m na mw w aftlm 
H t iiti i tfOiptm'i 



This sbeec was received with the miernaiional application 


Aiubohxed officer 





For 



use only 



n tbis sheet WIS raeeivied by the 



Authorasd officer 
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WE CLAIM: 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins / enkephalins/ and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is B-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin. 

4. The cell of claim 1, wherein the 
catecholamine is norepinephrine or epinephrine. 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 1-4 
wherein the cell is an AtT-20 cell. 

7. The cell of any one of claims 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 
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9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030/ pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

10. The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088. 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hP0MCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . 

12 • A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi-permeable membrane to form a 
bioartificial organ. 

15. The method of claim 14 wherein the 
bioartificial organ is immunoisolatory . 

16. The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-15 
wherein the implantation site is the sub-arachnoid 
space . 

18. A method of producing a cell that 
secretes at least one enkephalin, one endorphin and one 
catiBcholamine, comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 



19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1- 
12 to manufacture a medicant for treatment of pain. 

21 ♦ The cells of claim 20 wherein the cells 
are implanted, 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi -permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartif icial organ is immunoisolatory. 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space . 

26. A bioartif icial organ comprising: 

(a) a biocompatible/ permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines. 



27. The bioartif icial organ of claim 26 for 
use in treating pain. 
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28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins/ enkephalins / and catecholamines, with a 
biocompatible, permeable jacket • 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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FIG. 2b 
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FIG. 5 
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FIG. 6 
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FIG. 7 



NoU(671) 

,BstXI(666) 



wo 96/40959 



PCT/US96/09629 



I 



10/13 



FIG. 8 
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